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PHILOSOPHICAL  SOCIETY  OF  GLASGOW. 


SEVENTYEIGHTH    SESSION. 


Opening  Address—''  Sketch  of  the  Early  Tears  of  tlie  Society:' 
By  Andrew  Fergus,  M.D.,  President  of  the  Societj. 

[Bead  before  the  Society,  November  3rd,  1880.] 

1802. — It  is  but  natural  that  this  Society  should  now  and  then^ 
as  travelleTs  are  wont  to  do,  look  back  on  its  past  histoiy,  and 
review  its  progress.  This  is  pecoliarlj  appropriate  on  the  im- 
portant occasion  of  our  meeting  for  the  first  time  in  these  new 
premises,  and  I  therefore  purpose  to  give  you  an  account  of  our 
origin,  and  to  take  a  rapid  view  of  the  earlier  years  of  the  Society. 
I  shall  glean  my  facts  from  this  old  book  before  me  (the  book  was 
on  the  table),  it  being  the  Minute  Book  of  the  Society  from  1802 
till  1846,  since  which  latter  date  the  minutes  were  regularly  printed 
in  the  Proceedings.  Mj  first  intention  was  to  give  merely  an  outline 
of  the  proceedings  of  the  Society,  and  to  recommend  that  this  volume 
should  be  submitted  to  a  committee  of  members  well  acquainted 
with  the  progress  of  science  during  the  century,  and  that  they 
should  prepare  an  abstract  to  be  printed  and  inserted  in  the 
Proceedings.  I  have,  however,  abandoned  this  idea,  and  to-night 
I  shall  rather  attempt  to  give  you  a  resume  of  the  Society  during 
the  first  five  years  of  its  existence.  Should  the  members  wish  it, 
I  shall  be  glad  at  some  future  period,  when  more  important- 
matters  are  not  before  us,  to  continue  the  subject. 
Vol,  XIU.-N0.  I.  a 


•-•  • 


2  £iilo8ophical  Society  of  Glasgow. 

•  •  •• 

•  • 

In  NoTemberV^lseventy-eight  years  ago,  some  gentlemen  pro- 
posed to  establii^  a  society,  and  issued  a  circular  calling  together 

on  the  Qth'jof'that  month  all  who  were  interested  in  scientific  and 

.*•  ••* 
material-p^cgreea     I  shall  give  their  own  words : — 

"  Seyeral  gentlemen  in  this  city  interested  in  the  prosperity  of 

"  ihfi  trade  and  manufactures  of  their  country,  and  anxious  for  the 

«f  improvement  of  the  Arts  and  Sciences,  thinking  it  would  be  of 

\i^taiSneT9\  advantage  were  a  society  established  for  the  discussion 

•'./•{f  of  these  subjects  agreed  to  send  the  following  circular  letter  to 

• .  / ''  a  number  of  others  whom  they  thought  would  support  and  coun- 

*'  tenance  such  an  institution." 

At  this  meeting  on  the  9th  November  a  committee  was  ap- 
pointed to  draw  up  an  outline  of  the  principles  of  the  Society,  and 
on  the  16th  of  the  same  month  it  reported  as  follows: — " Outline 
"  of  a  plan  of  the  Glasgow  Philosophical  Society. — 1st  Each  member 
*'  shall  upon  admission  pay  three  guineas  to  the  funds  of  the  Society. 
*'  2nd.  The  Society  shall  meet  once  a  week  during  winter,  and  once 
*<a  fortnight  the  remaining  part  of  the  year,  for  the  purpose  of 
*' conversing  together  on  the  various  improvements  which  have 
^' taken  place,  or  which  maybe  proposed  on  the  Arts  and  Sciences; 
^*and  where  any  member  may  have  an  opportunity  of  exhibiting 
''  models  of  machinery,  explaining  or  reading  essays  on  the  same. 
"  3rd.  The  Society  shall  have  a  private  room  for  the  purpose  of 
'*  meeting  in,  a  select  library  of  scientific  books,  and  any  occasional 
**  hint  which  may  be  considered  as  an  improvement  in  the  Arts 
''  shall  be  entered  into  a  book  which  the  Society  shall  keep  for 
''  the  purpose.     A  copy  of  all  essays  read  in  and  approved  by  the 
**  Society  shall  be  in  the  library  for  the  perusal  of  the  membera 
'<  F.S. — The  Committee  appointed  at  the  meeting  of  the  9th  instant 
shall  proceed  to  carry  the  plan  into  effect  as  soon  as  twenty 
subscriptions  are  procured,  a  preses  and  court  of  directors  for  the 
''ensuing  year  shall  be  chosen  by  ballot,  who  shall  make  out 
"  Regulations  for  the  Society,  which  may  afterwards  be  amended 
"  as  judged  necessary.    Should  twenty  subscriptions  not  be  obtained 
''before  the  1st  January,  1803,  the  subscribers  are  not  to  be  liable 
''in  payment  of  their  subscriptiona     Follows  the  names  of  the 
^'subscribers — James  Monteith,  George  Birkbeck,  James  Spreull, 
"  Jas.  Sword,  jun.,  David  Strong,  Patk.  Cumin,  Joseph  Outram, 
"David  Muschet,  George  Macintosh,    Charles  Macintosh,   John 
''  Monteith,  John  Lindsay,  Wm.  Meikleham,  James  Laird,  John 
<*Roberton,  William  Douglas,   Peter  Nicholson,    Robert  Thorn, 
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^'  James  CaUen,  Wm.  Dunn,  Andrew  Brocket,  James  Boaz,  John 
*^  Battery,  Robert  Kibble,  John  Smith,  Alexr.  Dmmmond,  Arthur 
^*  Whyte,  John  Sharp,  James  Monach,  Kenneth  Mathieson,  Wm. 
Mitchell,  Wm.  Reid,  John  Napier,  Robert  Hastie,  Wm.  Broom, 
David  Hamilton,  James  Dunlop,  Dre^om  Morrison,  Wm. 
"  Duncan,  John  Syme,  Wm.  Stark,  Wm.  Kelly,  David  Pattison, 
**  Henry  Houldsworth,  Robertson  Buchanan,  Peter  Blaikie,  James 
**  Bums,  John  Geddes,  Malcolm  McGregor,  Wm.  Waddell,  James 
**  Haldane,  Alex.  Ckdloway,  Charles  Tennant,  Adam  Seton,  James 
"Towers,  Wm.  Mirrlees,  James  Sharp,  James  Younger,  jun., 
^'  Matthew  Paterson,  John  Chadwick." 

You  will  notice  that  the  second  name  on  the  list  is  the  well- 
known  Dr.  George  Birkbeck,  afterwards  Professor  in  the  Ander- 
sonian.  There  was  at  that  time  no  philosophical  instrument 
maker  in  Glasgow,  and  Dr.  Birkbeck  found  the  ordinary  mechanics 
so  ignorant  of  the  uses  of  the  various  articles  which  they  made  for 
him  that  he  instituted  a  free  course  of  lectures  for  "persons 
engaged  in  the  practical  exercise  of  the  mechanical  arts."  By  the 
fifth  lecture  the  hall  was  crowded  with  an  attentive  and  interested 
audience.  These  lectures  were  continued  for  three  sessions.  After 
Dr.  Birkbeck's  removal  to  London,  he  took  an  active  share  in 
founding  the  first  Mechanics'  Institution  in  the  kingdom — viz., 
that  of  London — of  which  he  was  elected  President  for  Ufa  He 
died  in  1841.  Preceding  him,  we  have  James  Monteith,  who  was, 
I  believe,  a  well-known  medical  practitioner  in  the  city,  while 
Patrick  Cumin  was  the  then  Professor  of  Oriental  Languages  in 
our  University.  The  next  name  that  attracts  particular  attention 
is  David  Muschet,  to  whom  the  iron  industry  in  the  West  of  Scot- 
land owes  so  much.  Immediately  following  Mr.  Muschet  we  find 
the  names  of  George  and  Charles  Mackintosh,  the  latter  of  whom 
you  will  recognise  as  the  inventor  of  the  "  Mackintosh  "  or  water- 
proof &bric8  now  so  widely  used.  We  have  Mr.  John  Roberton, 
ironfounder,  who  was  the  first  Vice-President,  and  Mr.  Peter 
Nicholson,  who  wrote  on  mathematical  subjects,  and  also  published 
an  architectural  dictionary.  Mr.  William  Dunn  was  the  well- 
known  machine-maker  in  John  Street,  better  known,  perhaps,  as 
Mr.  Dunn  of  Duntocher.  Mr  James  Boaz  was  an  accountant ; 
he  took  a  warm  interest  in  the  society,  becoming  Secretary  in 
1804,  and  to  him  we  are  indebted  for  any  interest  you  may  find 
in  my  remarks  to-night  He  acted  as  secretary  for  25  years,  and 
kept  the  minutes  in  the   most  admirable   manner.      They  are 
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written  in  a  very  neat,  clear  hand,  and  are  here  and  there  illus- 
trated by  drawings  or  sketches  of  some  of  the  articles  exhibited  at 
the  meetings.     The  minute  book  h  so  precious  that  I  think  the 
Council  should  get  it  copied,  and  then  deposited  in  the  safe,  not 
to  be  removed  without  their  special  consent.^     The  next  name  I 
shall  notice  is  that  of  Mr.  Buttery,  who,  I  believe,  took  an  active 
interest  in  the  Monkland  Iron  and  Steel  Company.     Then  we 
have  Mr.  John  Napier,  father  of  Mr.  David  Napier,  first  of  Lance- 
field,  and  aftei'wai'ds  of  Blackwall,  near  London.     He  was  also 
uncle  of  Robert  Napier,  the  well-known  engineer  and  shipbuilder, 
and  consequently  grand-uncle  to  Mr.  James,  who  took  such  an 
interest  in  the  proceedings  of  this  Society,  and  whose  loss  we  have 
been  so  recently  called  on  to  deplore.     After  Mr.  John  Napier  we 
have  Mr.  Bobert  Hastie,  one  of  the  Society's  most  prominent 
members,  and  who  was  its  President  from  1820  to  1827.     His^ 
son,  Mr.  Alex.  Hastie,  at  one  time  M.P.  for  the  city,  succeeded 
Mr.  Boaz  as  Secretary,  and  filled  that  office  for  many  years,  first 
by  himself,  and  afterwards  jointly  with  our  late  lamented  Secre- 
tary, Mr.  Keddie.     Mr.  David  Hamilton,  whose  name  is  also  on 
our  list,  was  an  architect  of  high  reputation.     He  designed  the 
Boyal  Exchange,  Hutchesons'  Hospital,  and  several  other  public 
buildings.     Mr.  Bobertson  Buchanan  was  a  civil  engineer.     He 
wrote  on  the  "  Heating  of  Buildings,"  « Teeth  of  Wheels,"  and 
other  subjects,  and  was,  I  believe,  the  inventor  of  feathering  flouts 
for  the  paddles  of  steamei's.     Again,  on  our  list  we  have  worthy 
John  G^ddes,  who  was  to  his  trade  a  glass-maker  at  Verreville, 
and  at  the  same  time  the  popular  colonel  of  the  Lanarkshii'c  local 
militia.     Mr.  Haldane  was  an  engraver,  and  his  memory'  is  per- 
petuated among  us  by  the  Haldane  Academy  of  the  Fine  Arts, 
which  he  founded.     The  name  of  Charles  Teiinant  will  at  once 
recall  to  you  all  the  founder  of  the  St  RoUox  Chemical  Works ; 
and  James  Towers  was  a  Physician  and  Professor  of  Midwifery  in 
the  University.     He  was,  I  believe,  the  father  of  the  late  Mr. 
Towers-Clark.     Those  of  you  who  are  better  acquainted  than  I 
with  the  personal  and  social  history  of  Glasgow  will  be  able  to 

*  Mr.  Boaz  was  alao  author  of  a  most  interesting  volume,  which  should 
be  read  by  every  one  interested  in  the  material  progress  of  Scotland  during 
the  last  70  years.  The  title  is,  "  General  Report  of  Scotland  on  the  Manu- 
factures, Navigation,  Commerce,  Fisheries,  and  Banking  Establishments  of 
Scotland,  drawn  up  for  the  consideration  of  the  Board  of  Agriculture  and 
Internal  Improvement." 
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trace,  I  have  no  doubt,  iiie  descendants  of  several  more  of  the 
original  membersL 

The  first  election  of  office-bearers  took  place  on  the  8th  December, 
1802,  and  Dr.  William  Meikleham  was  elected  President  In  the 
following  year  he  was  appointed  Professor  of  Natural  Philosophy 
in  the  University  of  Glasgow,  and  held  that  appointment  till  1846, 
when  he  was  succeeded  in  the  chair  by  our  past  distinguished 
President,  Sir  William  Thomson,  By  December  29th  the  Regu- 
lations were  ready,  after  having  been  discussed  at  several  meetings; 
the  entry-money  was  three  guineas,  the  annual  subscription  half- 
A-guinea,  and  the  life  membership  (which  some  are  inclined  to  look 
upon  as  a  modem  innovation)  was  five  guineas.  The  meetings 
were  arranged  to  be  held  every  Monday,  from  November  to  April, 
and  every  second  week  during  the  other  months.  By  Article  lOth 
it  was  ordered  that  if  the  essays  read  were  approved  o^  they 
should  be  entered  into  a  book  kept  for  the  purpose  at  the  expense 
of  the  Society.  As  this,  and  the  two  following  articles,  are  new 
to  me,  I  shall  quote  them  at  length : — 

'*  10th.  Every  essay  shall,  if  the  Society  or  a  committee  ap- 
'*  }>ointed  by  them  approve  of  it,  and  if  the  person  to  whom  it 
**  belongs  have  no  objections,  be  transcribed  at  the  expense  of  the 
**  Society  into  a  book  kept  for  that  purpose  under  the  direction  of 
"  the  Secretary. 

''  11th.  Two  books,  one  for  recording  the  minutes,  and  another 
**  for  essays,  shall  be  kept  in  the  room  in  which  the  Society  meets. 
^'  Besides  these,  a  third  book  shall  always  lie  in  the  same  room, 
^'  and  in  which  every  member  shall  have  the  liberty  of  jotting  any 
**  queries  or  observations  he  may  think  likely  to  lead  to  any 
^*  improvement  in  the  Arts,  isc 

'^  12th.  These  books  shall  always  be  accessible  to  every  member 
^'  of  the  Society,  and  shall  for  that  purpose  lie  in  the  said  room, 
^'  out  of  which  they  shall  never  on  any  pretence  be  taken,  except 
^<  when  the  Secretary  and  other  managers  may  judge  it  proper, 
''  for  the  convenience  of  inserting  any  transaction  of  the  Society.'' 

I  have  made  every  possible  inquiry  to  ascertain  if  these  old 
books  are  in  existence,  but  i*egret  to  say  that  hitherto  I  have  been 
unable  to  discover  any  trace  of  them.  The  essay  book  is  re- 
peatedly mentioned  in  after  years  when  papers  that  have  been 
read  are  ordered  to  be  inserted  into  it  When  I  come  to  mention 
the  subjects  discussed  you  will  see  that  the  loss  of  this  book  is 
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a  very  serious  matter,  much  more  so  than  the  loss  of  the  query 
book,  though  that  is  also  to  be  regretted.  I  daresay  it  would 
have  given  us  some  amusement  to  read  at  this  date,  firom  the  pages 
of  the  latter,  the  thoughts,  ideas,  and  suggestions  which  were 
pftfffiing  through  the  minds  of  the  busy  men  who  then  formed  the 
membership  of  this  Society. 

1803. — ^I  now  come  to  notice  some  of  the  subjects  discussed  at 
the  meetings,  and  in  doing  so  I  may  remark  that  then,  as  now, 
the  members  were  most  anxious  to  consider  any  subject  likely  to 
benefit  the  community  at  large,  or  that  had  any  scientific  basis  or 
bearing.  In  Januaiy,  1803,  Mr.  Boberton  occupied  more  nights 
than  one  in  reading  '*  An  Essay  on  the  Advantages  to  be  derived 
from  Heating  Cotton  Works,  Drying-houses,  <&c.,  on  an  Improved 
Plan,"  and  illustrated  the  subject  by  models  and  drawings. 

In  February,  1803,  the  question  of  water  supply  to  the  city 
was  under  discussion,  and  the  following  month  the  '^  Prevention 
of  Smoak.''  The  latter  question  is  much  more  clamant  now, 
and  in  Glasgow  it  has  been  most  shamefully  neglected — by 
the  authorities  I  would  say  shamelessly  so.  I  hope  you  will 
bear  with  me  when  I  say  that  the  smoke  nuisance  is  a  reproach 
and  disgrace  to  a  city  like  this,  so  full  of  mechanical  skill 
and  ingenuity.  Its  effect  on  the  health  is  injurious,  and  it  is 
hurtful  in  another  way,  inasmuch  as  we  have  become  so  deadened 
to  its  offensiveness  in  an  a}Bthetic  point  of  view  that  not  a  single 
protest  is  raised  against  the  foul  pollution  of  the  beautiful  Firth 
of  Clyde  during  the  summer  months.  I  believe  that  all  offensive 
smoke  can  be  consumed ;  that  steamboats  can  do  so  is  abimdantly 
proved  by  seeing  them  emit  only  a  little  almost  colourless  vapour 
when  they  are  in  harbour.  As  soon  as  they  leave  it^  however,  all 
restraint  is  at  an  end,  and  the  various  summer  resorts  are  polluted 
by  their  dense  black  smoke  as  they  pass  them  in  turn.  During 
calm  weather  it  is  really  melancholy  to  see  how  the  beauties  of 
nature  are  veiled  by  the  clouds  of  smoke,  which,  layer  upon  layer, 
roll  from  the  successive  steamers. 

At  the  end  of  March  James  Denholm,  the  historian  of  Glas- 
gow, was  admitted  a  member.  At  the  same  meeting  it  was 
resolved  to  apply  to  the  Magistrates  for  a  seal  of  cause  in 
&vour  of  the  Society.  This  matter  came  up  at  several  meet- 
ings, but,  as  far  as  I  can  leani  from  the  minute  book,  this 
seal  of  cause  was  never  granted.  We  find  great  variety  in 
the  papers  read.     Mr.  Peter  Nicholson  exhibited  two  models  of 
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roofing,  while  water-wheels  and  pompB  were  bron^t  under  notice 
hj  Mr.  Roberton  and  Mr.  Hastia  On  May  Ilth  we  find  the 
following  minute : — ^*  Mr.  John  Boberton  read  to  the  meeting  a 
**  very  ingenious  and  interesting  discourse  on  the  construction  of  a 
^furnace  for  burning  smoke,  in  which  was  fully  explained  the 
'*  principles  on  which  it  was  founded.  The  meeting  were  hi^dy 
^gratified  with  this  essay,  and  requested  that  it  mi^t  be  inserted 
''in  the  Society  records."  I  believe  Mr.  Boberton  took  out  a 
patent  for  his  invention.  On  June  8th  there  is  notice  that  Mr. 
Boberton,  the  active  Vice-President,  had  bought  when  in  London 
a  pair  of  globes  for  the  Sodely,  and  in  the  accounts  we  find  that 
the  price  of  them  was  £17,  the  packing  esse  36a,  and  the  carriage 
firom  London  46&  6d.  I  am  told  that  the  globes  are  still  in  the 
possession  of  the  Society,  althou^  I  suppose  most  of  us  have  never 
seen  them.  On  November  23rd  it  was  resolved  to  take  a  room  for 
the  meetings  in  the  Assembly  Booms — ^the  rent  is  not  mentioned. 

1804.— On  Februaiy  29th  we  find  the  following  entry :— "Hus 
''evening  Mr.  James  Boaz  produced  the  tel^raph  formerly 
"  announced  by  him,  and  exhibited  the  mode  of  working  the  same, 
"  much  to  the  satisfaction  of  the  Society,  which  highly  i^yproved 
"  of  the  invention  and  of  the  ingenuity  of  Mr.  Boaz."  I  believe 
this  tel^raph  was  patented,  and  perhi^  some  one  may  have  the 
opportunily  of  looking  up  the  patent  roll  and  ascertaining  what 
Mr.  Boaz's  telegraph  was.  Li  June  Mr.  Boberton  read  a  paper 
on  the  "  Forces  of  Moving  Bodies,  with  the  measure  applicable 
thereto,  and  also  demonstrated  (by  models)  that  time  as  a  measure 
of  these  forces  is  not  so  necessary  as  is  conmionly  apprehended." 
Other  members  opposed  Mr.  Boberton's  views,  and  ''exhibited 
models  illustrative  of  their  principles."  The  minute  concludes,  as 
many  other  minutes  might,  with  the  quaint  assertion,  "  But, 
"  although  much  discussion  took  place  upon  the  subject  alluded  to, 
"nothing  dedsive  ever  took  place."  In  November  Mr.  John 
Gtoddes  was  elected  President,  and  Dr.  Andrew  Ure  was  admitted 
a  member  on  the  21st  of  that  month.  Li  the  foUowing  year  he 
succeeded  Dr.  Birkbeck  as  Professor  of  Chemistry  and  Natural 
Philosophy  in  the  Andersonian  University,  which  he  held  fixnn 
1804  to  1830.  He  took  an  active  part  in  the  establishment  of 
the  Observatory  here,  and  was  appointed  its  first  astronomer.  In 
1818  he  wrote  a  paper,  which  was  read  before  the  Boyal  Society, 
and  published  in  the  Philosophical  Transactions,  on  "  New  Elxperi- 
mented  Besearches  on  some  of  the  leading  Doctrines  of  Caloric." 
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In  1821  he  published  his  Dictionary  of  Chemistry,  and  in  the 
following  year  his  researches  on  the  ultimate  analysis  of  animal 
and  vegetable  substances,  as  well  as  his  ti-anslation  of  Berthollet's 
work  on  dyeing.  In  1829  he  published  a  System  of  Creology,  in 
1830  he  removed  to  London,  and  a  few  years  afterwards  was 
appointed  Analytical  Chemist  to  the  Board  of  Customs.  His  pen, 
however,  was  not  idle,  as  he  published  the  following  works: 
"Philosophy  of  Manufactures,"  "The  Cotton  Manufacture  of 
Great  Britain  Compared  with  that  of  other  Countries,"  and  lastly, 
what  was  perhaps  his  most  important  work,  "  The  Dictionary  of 
Arts,  Manufactures,  and  Mines."  At  the  meeting,  Nov.  21st, 
^'  Mr.  Roberton  produced  a  schedule  and  drawing  of  an  apparatus 
for  ascertaining  the  power  and  other  properties  of  steam,  and  the 
Society,  having  considered  the  same,  requested  Mr.  Boberton  to 
provide  what  is  needful  at  their  expense."  At  next  meeting  a  vote 
of  thanks  was  passed  to  "  Mr.  John  Boberton,  late  vice-president, 
for  his  unwearied  assiduity  and  exertions  not  only  in  founding,  but 
bringing  this  Society  to  its  present  respectability."  On  December 
llth  Dr.  James  Watt  was  admitted  a  member,  who,  besides  being 
a  medical  practitioner,  was  also  a  Baptist  minister.  He  proved  a 
most  energetic  member  of  the  Society,  and  on  December  26tli  and 
January  2nd  he  read  papers  on  the  subject  of  bringing  water  into 
towna  Mr.  Boaz  followed  by  showing  an  apparatus  for  distilling 
fresh  water  from  salt.  On  December  12th  Mr.  Scott,  surgeon- 
dentist,  was  admitted.  He  was  somewhat  of  a  butt  of  Christopher 
,  North's  or  Lockhart's,  as  the  odoiiUsU  of  the  Noctes  Ambrosianee 
— ^he  is  there  represented  as  singing  Lockhart's  song,  "Captain 
Fktoun."  On  December  12th  Mr.  Boaz  exhibited  a  pump  without 
a  piston,  which  met  with  universal  approbation.  On  December 
24th  we  find  it  was  agreed  that  a  particular  chaii-  be  provided  for 
the  President,  and  it  was  ordered  accordingly. 

1805. — In  January  I  find  an  entry,  happily  rare  in  our  time, 
viz.,  the  rejection  of  a  candidate  for  membership.  On  February 
6th  Dr.  Watt  described  a  new  kind  of  air-pump,  which  was  shown 
and  experimented  on  at  subsequent  meetings.  The  next  two 
evenings  were  devoted  to  Phlogiston. 

The  Philosophical  Society  considered  the  subject  of  gas  at  an 
early  date.  I  find  the  following  minute,  February  15th,  1805: — 
"This  evening  an  apparatus  was  introduced  by  Mr.  George  Lumsden 
which  succeeded  in  forming  gas  from  coal&  These  having  been  put 
into  a  cast-iron  retort,  it  was  placed  on  the  fire.     The  gas  which 
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came  over  was  passed  through  water,  collected  in  a  receiver,  and 
finaUy  forced  through  a  pipe  having  a  small  aperture,  was  set  on 
the  fire  and  produced  a  very  vivid  flame.  The  contents  of  the 
retort^  which  held  only  an  English  pint,  burnt  nearly  three- 
quarters  of  an  hour."  The  subject  occupied  the  attention  of  the 
Society  for  several  subsequent  nights,  and  Dr.  Nimmo  exhibited 
a  new  gasometer  on  September  16th,  and  on  October  7th  read  an 
essay  as  to  the  comparative  quantity  of  gas  to  be  obtained  ''  from 
different  kinds  of  coal,  particularly  these  of  Lesmahago,  Banton, 
and  Newcastle."  In  January,  1810,  Mr.  Gillespie  gave  an  account 
of  his  efforts  to  light  his  printfield  at  Anderston  with  gaa 

I  find  the  following  minute  on  October  25th,  1818: — ''  Coal  gas 
apparatus  looked  out  for  the  purpose  of  endeavouring  to  introduce 
a  cheap  method  of  distilling  it  for  use  in  private  familie&"  The 
subject  of  street  lamps  occupied  the  attention  of  the  Society  for 
several  nights.  The  fact  of  the  lamps  being  covered  on  their 
inside  by  condensed  water  was  keenly  and  frequently  discussed. 
It  was  argued  that  this  water  arose  from  the  condensation  of  the 
watery  vapour  already  existing  in  the  air.  This  idea  was  disproved 
by  one  of  the  members  placing  a  hot  piece  of  metal  in  a  glass 
globe,  and  demonstrating  that  no  water  was  deposited.  It  is  said 
that  a  member  of  the  Police  Board  induced  that  body  to  greatly 
diminish  the  size  of  the  lamps,  so  that  they  might  always  be  hot, 
and  so  not  allow  the  vapour  to  be  condensed.  In  this  respect  the 
experiment  was  quite  successful,  but  the  first  heavy  isiSl  of  rain 
demolished  the  lamps  as  effectually  as  if  a  lot  of  mischievous  boys 
had  been  told  off  for  the  purpose.  The  lighting  of  the  Tron 
Steeple  was  repeatedly  under  discussion  in  1821,  and  finally  the 
plan  of  reflectors  proposed  by  Messrs.  Hart  was  adopted.  About 
the  same  time  the  late  Professor  Thomas  Thomson  recommended 
fewer  lamps  and  larger  flames.  Next  year  I  find  a  proposal  to 
purify  gas  by  passing  it  through  a  solution  of  sulphate  of  iron. 
In  1823  was  a  proposal  to  singe  muslin  by  gas  flame.  In  1825 
we  have  a  notice  of  a  gas  engine,  and  in  the  following  year  it  was 
proposed  to  make  gas  from  cotton  seed  instead  of  coal.  In  1827 
we  find  mention  of  a  gas  governor. 

On  February  27th  the  meeting  night  was  changed  from 
Wednesday  to  Monday.  On  March  18th  we  find  the  follow- 
ing entry :  —  ^*  This  evening  being  the  first  meeting  held  upon 

a   Monday,    Dr.    Watt,    agreeable   to    intimation,    6th    inst, 

read  an  essay  on   <A  New  Mode  of  Printing  Bank  Notes,' 
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**  which  would  be  very  difficult  to  imitate,  and  be  produced 
^several  specimens  of  impressions  from  natural  objects,  such 
^as  the  longitudinal  fibre  of  mahogany,  dca,  with  all  which 
''the  Society  was  much  pleased,  not  only  on  account  of  the 
^  ingenuity  of  the  thought,  but  of  the  masterly  style  of  the  essay.'' 
In  April  a  bookbinder  exhibited  a  new  press,  and  compared  it 
with  an  old  one,  asking  the  Society  to  give  him  a  certificate  of 
approval.  This,  however,  was  declined  till  the  trade  should  be 
consulted ;  but  this  having  been  done,  it  was  ultimately  resolved 
that  it  was  a  "  valuable  invention."  On  January  2nd  Mr.  Cross 
promised  to  bring  forward  an  essay. upon  ''Bailrods/'  but  was 
taken  ill  and  did  not  1*68^  his  essay  till  May  6th.  I  quote  the 
minute: — ''This  evening  Mr.  Gross,  according  to  his  promise, 
''22nd  ultw,  read  an  essay  on  'Bailrods,'  and  exhibited  various. 
"  drawings  and  calculations  illustrative  of  the  subject,  and  tending 
*'  to  show  the  immense  benefit  that  would  result  from  a  general 
"adoption  of  this  mode  of  land  carriage,  which  in  many  cases 
''would  be  preferable  to  that  by  canals.  The  Society  much 
"approved  of  Mr.  Cross's  project"  The  question  of  a  diploma 
was  considered  at  several  meetings.  It  was  objected  that 
each  diploma  would  be  subject  to  a  stamp  duty  of  198.  6d.; 
but  at  next  meeting  it  was  stated,  I  suppose  on  legal 
authorily,  that  the  diploma  would  not  be  liable  for  this  tax.  The 
next  minute  is  as  follows: — "The  drafts  of  the  Diploma  were 
"again  fully  examined  by  the  members  present,  when  it  was 
"unanimously  resolved  to  adopt  the  oblong  one.  That  a  seal 
^'  should  be  got  cut  for  appending  or  affixing  to  the  Diploma,  but 
"the  consideration  of  its  device  was  deferred  to  a  future  period, 
"  and  that  in  the  meantime  Mr.  Haldane  should  be  employed  to 
"engrave  the  plate  for  the  Diploma,  which,  agreeable  to  the  draft, 
"  was  to  be  done  all  in  running  hand  without  any  G^erman  text, 
"  Roman  or  Saxon  characters.  Mr.  Thomson  read  a  paper  on  the 
" '  Principles  of  Attraction  and  Vegetation,'  wrote  and  sent  him 
"by  a  member  of  the  Dublin  Philosophical  Society.  From  the 
"  novelty  of  the  opinions  contained  therein,  it  was,  by  Mr.  Thom- 
"  son's  consent,  ordered  to  lie  on  the  table  for  the  inspection  of 
"the  members.  Mr.  Wyld  mentioned  a  circiunstance  which 
"  occurred  to  him  a  few  days  ago,  and  which  he  could  not  account 
"  for.  On  eating  a  hen's  egg  that  had  been  boiled  in  the  shell,  he 
"  discovered,  in  or  about  the  middle  of  the  yoke,  a  horse's  black 
"hair,  about  18  inches  long,  coiled  up  spiral-wise.     October  7th." 
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This  year  the  Shannon  Club  lent  the  Societj  ^  galvanic  battery, 
on  which  experiments  were  performed  at  several  meetings.  On 
November  4th  Mr.  Geddee  was  re-elected  President.  Occasionally, 
if  neither  essay  nor  experiments  were  forthcoming,  the  Society 
engaged  in  conversation,  embracing  a  wide  range  of  subjects.  On 
December  2nd  the  minute  records  *'the  conversation  this  evening 
tamed  principally  on  soda,  vaccine  inoculation,  galvanism,  and 
manufacturing  common  sea  salt."  At  next  meeting  we  find  a 
most  sensible  suggestion,  which  it  is  much  to  be  r^pretted  was  not 
carried  out — viz.,  to  establish  a  fully-equipped  laboratory  in  con- 
nection with  the  Society.  The  subject  was  brought  up  repeatedly, 
and  when  the  Society  took  a  lease  of  a  room  in  the  Surgeons'  Hall, 
St.  Enoch  Square  (the  site  now  forming  part  of  the  new  hotel  and 
station),  at  a  rent  of  £16  a-year,  it  was  proposed  to  build  the 
laboratory  behind  the  hall.  Although  the  subject  was  discussed 
at  several  meetings,  I  r^ret  to  say  that  I  find  no  trace  in  the 
minmtes  of  the  suggestion  ever  having  been  carried  out  About 
this  time  the  Society  had  a  difficulty  from  which  we  are  happily 
free— viz.,  an  inability  to  get  correct  accounts  of  the  funds  firom 
the  Tj^easurer.  This  must  have  happened  oftener  than  once,  for 
some  years  afterwards  the  same  unpleasant  state  of  matters  arose, 
and  the  minutes  on  the  subject  are  most  explicit  and  emphatic. 

1806. — January  27th,  Dr.  Watt  read  on  the  composition  and 
decomposition  of  water.  February  10th,  Mr.  Robertson  brought 
foTir  gun  barrels,  and  showed  the  tools  by  which  they  were  rifled. 
I  quote  the  minutes  of  February  17th  at  length  : — "  This  evening, 
^'  Mr.  Hastie  in  the  chair,  a  letter  was  read,  dated  1st  inst.,  from 
**  Mr.  Bobertson  Buchanan  to  Mr.  John  Boberton,  in  which  he 
**  mentions  a  plan  to  be  shown  by  a  James  CarmichaeL  Mr. 
''  Boberton  described  this  as  being  a  beneficial  way  of  applying  a 
*<  high  fall  of  water  where  the  quantity  is  small.  Suppose  the 
'*  fall  70  feet»  let  36  feet  of  it  act  through  a  perpendicular  pipe,  so 
''  as  to  press  on  the  lower  side  of  a  perpendicular  piston.  When 
^  the  piston  has  made  an  vpward  stroke  of  any  given  length,  cut 
off  the  pressure  of  the  head  of  water  by  means  of  a  cock  or  valve 
wrought  by  hand  gear,  and  allow  the  water  immediately  below 
the  piston  to  pass  away  therefrom  through  a  vertical  waste  pipe 
"  of  34  feet  The  weight  of  this  column  of  water  will  produce  a 
Torricellian  vacuum  below  the  piston,  which  will  consequently 
be  forced  down  by  the  atmosphere,  and  so  give  a  stroke  daum- 
**  ward.     These  operations  are  to  be  performed  alternately.     The 
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Society  was  much  pleased  with  this  idea,  particularly  the  latter 

part  of  it,  which  only  appears  original.  In  the  same  letter  Mr. 
*'  Buchanan  expresses  a  wish  that  the  Society  would  take  into  its 
-"  consideration  how  far  a  saving  of  expense  woidd  accrue  from 
"  using  springs  in  carriages  for  conveying  heavy  goods." 

The  pump  was  remitted  to  a  committee,  which  reported  favour- 
ably on  it,  as  follows  :  —  "  Sir,  —  Tlie  Glasgow  Philosophical 
-**  Society  having  considered  the  draft  of  the  hydraulic  engine  which 
"  you  sent  them,  are  of  opinion  that  it  is  very  ingenious,  particu- 
"  larly  that  part  of  it  which  seems  to  l^e  original,  where  the  water 
"  in  your  eduction  pipe  produces  a  vacuum  below  the  piston  ;  and 
"  in  their  name  I  beg  to  return  you  thanks  for  the  communication." 

On  April  28th  I  find  the  following  minute  :— "  Dr  Watt  read 
"  his  very  ingenious  essay  on  the  various  uses  that  could  be  made 
''  of  the  condensed  water  from  steam  engines,  pipes  used  for  heat- 
'*  ing  cotton  mills,  &c,  Tn  this  essay  the  Doctor  pointed  out  that 
''  warm  baths  might  be  supplied  with  hot  water,  washing-houses, 
*'  &c.  The  aroma  of  vegetables  could  be  obtained  from  the  steam, 
"  hot  beds  supplied  with  caloric  from  it,  with  many  other  purposes 
^'  which  could  be  effected  in  a  very  economical  manner.  A  vote 
''  of  thanks  was  canied  unanimously  for  this  paper." 

I  find  that  on  May  12th,  1806,  a  present  felt  want  was  sup- 
plied. It  was  then  ^'  moved  that  a  footstool  be  provided  for  the 
"  President's  chair,  which  was  earned,  and  a  card  wrote  to  Mr. 
'*  Watt  to  make  one  accordingly."  Now,  when  T  first  had  the 
honour  of  occupying  this  chair  it  was  so  much  more  elevated  than 
any  I  had  ever  sat  in  before  that,  as  my  feet  did  not  nearly  reach 
the  floor,  I  had  some  difficulty  in  keeping  my  seat.  On  applying 
to  the  librarian  he  kindly  provided  me  with  an  old  packing  box, 
by  the  aid  of  which  I  have  been  able  to  get  on  with  comfort  if  not 
with  dignity.  I  humbly  submit  it  to  the  Furnishing  Committee 
whether  the  motion  alluded  to  above  might  not  with  great  pro- 
priety be  revived  in  favour  of  all  future  Presidents.  The  Society 
was  very  careful  of  its  funds.  I  see  it  paid  two  and  a-half 
guineas  to  the  family  of  the  man  who  had  lighted  the  fires  for  the 
past  year,  and  on  June  9th  I  find  a  minute  which  may  interest 
the  Furnishing  Committee: — "Mr.  Watt  being  present^  he  was 
■**  requested  to  make  for  the  Society  twelve  chairs  and  two  arm- 
"  chairs,  stuff-bottomed,  of  black  birch,  the  price  of  the  chairs  to 
"be  sixteen  shillings,  those  with  arms  one  guinea  each."  On 
July  7th  Mr.  Fleming  read  a  ])aper  on  making  the  Clyde  navigable 
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by  large  vessels.  The  same  subject  was  continued  on  the  21st  and 
28ih,  also  on  August  4th.  I  give  the  last  two  minutes: — ''Mr. 
<<  Fleming  read  the  conclusion  of  his  essay,  and  Mr.  Eoberton 
**  delivered  his  ideas  upon  the  practicability  of  bringing  large  vessels- 
*'  to  the  Broomielaw.  He  gave  it  as  his  opinion,  that  by  making 
the  improvements  he  suggested,  and  illustrated  by  different 
diagrams,  the  tide  could  be  made  to  flow  eight  feet  at  Glasgow 
*' higher  than  at  present.  A  question  arose  which  none  of  the 
^*  members  present  could  answer  accurately,  namely,  the  exact 
"  difference  of  level  of  the  river  at  Glasgow  and  Greenock  when 
''at  high  and  low  water.  This  Mr.  Wyld  promised  to  inquire 
"  about,  and  report  at  next  meeting."  Aug.  4th. — "  Further  con- 
''  filderation  of  the  subject  of  last  night  was  continued  thus.  Mr. 
'*  Wyld  reported  that  he  had  made  inquiry  about  the  height  of  the 
''  Clyde  here  and  at  Greenock,  but  could  not  get  certain  information,. 
*'some  saying  the  fall  of  the  river  was  eight  feet,  others  much 
"  more." 

Dr.  Ure  read  on  the  Doctrines  of  Chemical  Affinities  on  July 
14th,  August  25th,  and  September  3rd.  I  quote  the  minute  of 
this  last  meeting,  also  the  one  following: — September  3rd. — "Dr. 
*'  Ure  furnished  the  essay  upon  Chemical  Affinities  much  to  the 
*' satisfaction  of  the  Society.  Mr.  Hastie  promised  to  bring 
*^  forward  at  next  meeting  some  drawings  of  Mr.  Smith's,  engineer 
**at  Crownpoint,  of  machinery  by  which  water  could  easily  be 
*' brought  to  serve  this  city  from  the  River  Clyde."  September 
15th. — "The  drawings  mentioned  last  minute  were  exhibited. 
''They  consisted  of  an  elevation  and  ground  plan  of  two  steam 
"  engines,  one  only  of  which  was  to  work  at  a  time.  The  piston* 
"  rod  of  the  engine  to  be  continued  so  as  to  form  the  ix>d  of  the 
'*  force-pump  for  raising  the  water  from  the  river  to  the  reservoir 
"for  supplying  the  town."  Dr.  Watt  occupied  several  evenings 
after  this  in  reading  an  essay  on  "  Animal  Life."  On  November 
10th  Mr.  Greorge  M'Intosh  was  elected  President,  and  soon  after 
there  was  a  proposal  to  elect  honorary  and  corresponding  members. 
On  December  1st  we  find  rather  a  warlike  proposal  made  :  it  was 
as  follows: — "Mr.  Peter  Fleming  suggested  an  idea  of  conjoining 
"  two  guns  or  mortars,  with  a  common  chamber  for  gun  powder, 
"  and  from  each  gun  to  throw  a  ball  in  a  diverging  direction,  these 
*'  balls  joined  together  by  means  of  a  chain.  The  effect  would  be 
"great  in  cutting  off  whatever  obstructed  their  passage,  sush  as 
"mastSy  tif^^ngf  kc     A  considerable  number  of  remarks  were 
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**  made  in  course  of  conversing  on  this  subject"  The  next  meet- 
ing was  chiefly  taken  up  with  mathematical  questions,  and  the 
following  meeting  was  occupied  in  hearing  an  essay  by  Dr.  Watt 
on  the  influence  of  the  ''  Conscious  Principle  on  the  Movements 
of  the  Animal  Frame."  It  was  resolved  that  this  essay  should  be 
inserted  in  the  book  kept  for  that  purposa 

Very  soon  we  find  the  active  mind  of  Dr.  Watt  making  a  new 
proposaL     We  are  told  that  *'  Dr.  Watt  suggested  a  hint,  by  way 

of  query,  how  iar  it  would  be  practicable,  by  enflating  small  or 

large  bags  with  air,  that  such  air,  from  its  elasticity,  would  be  a 
*'  good  substitute  for  downs  or  feathers,  and  might  be  useful  for 
*'  camps,  ships.  &c. — ^for  camps,  as  being  portable ;  for  vessels,  as 
"  they  might  be  used  for  life-beds  in  cases  of  shipwreck." 

1807. — ^About  this  time  smoke  consumption  occupied  the  atten- 
tion of  the  Society  for  two  nights,  and  various  experiments  were 
detailed.  Dr.  Watt  also  exhibited  the  drawing  of  a  valve  to  allow 
air  to  escape  from  the  upper  bends  of  water  pipes.  In  February 
the  question  for  consideration  was,  "  Is  water  by  passing  through 
cast-iron  pipes  injured  for  practical  purposes  in  the  arts  of  dyeing 
and  bleaching)"  After  various  opinions  had  been  expressed, 
''  the  general  opinion  was  that  it  would  be  rather  dangerous  to 
**  establish  a  work  of  either  of  these  kinds  when  the  supply  of 
^' water  cannot  be  obtained  but  through  pipes  of  that  metal." 
We  have  a  very  long  description  of  a  wooden  Highland  lock, 
made  with  the  knife,  which  it  is  supposed  is  as  old  as  the 
time  of  Julius  Cassar !  It  appears  to  have  had  some  of  the 
mechanism  of  the  modem  non-pickable  locks.  At  a  Council 
meeting  held  on  March  2nd  there  are  regulations  as  to  honorary 
and  corresponding  members,  as  well  as  a  proposal  to  admit  a  limited 
number  of  ordinary  members  free  of  entry-money. 

Next  week  we  find  the  following  minute : — '*  Mr.  Grant  sug- 
**  gested,  as  an  expedient  to  prevent  boilers  incrusting  with  the 
*'  sediment  of  impure  water,  to  have  two  boilers,  the  one  within 
**  the  other,  the  inner  boiler  to  contain  the  impure  water,  from 
"  which  the  steam  to  be  used  is  raised,  being  such  as  the  local 
«  situation  of  the  boiler  can  aflbrd  a  plentiful  supply  of  Between  the 
'*  external  surface  of  the  inner  and  the  internal  surfoce  of  the  outer 
"  boilers  have  pure  water,  from  which  when  fire  is  applied  in  the 
'*  usual  way  steam  will  arise,  but  this  steam  being  confined  will 
'*  necessarily  increase  in  temperature,  and  give  ojQT  its  caloric  in 
'*  abundance  to  the  water  in  the  inner  boiler,  so  propagating  steam 
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**  therefrom  as  wanted.     The  space  between  the  two  boilers  may 
'<  be  famished  with  a  heavily-loaded  safety-valve  to  prevent  bnmt- 
**  ing,  in  case  the  water  in  the  inner  boiler  cannot  rob  of  its  heat 
^'  the  steam  of  high  temperature  as  quickly  as  the  latter  receives  it 
''  from  the  fire  below.     From  this  construction  of  double  boiler 
**  Mr.  Grant  thought  that  no  adhesion  or  deposit  of  sediment  or 
''  calcareous  matter  from  the  impure  water  would  take  place  <m 
'*  the  bottom  of  the  inner  boiler,  owing  to  the  heat  of  the  steam  or 
water  acting  thereon  being  so  much  less  intense  than  that  of  the 
bare  fire  when  exposed  thereto.     Some  conversation  took  place 
*'  on  this  ideiL     It  was  generally  considered  that  it  would  neither 
**  be  practicable  nor,  if  so,  advantageous.''     On  March  16th  Mr. 
Keid  showed  a  model  of  a  sun-dial,  ako  a  spherical  dial,  **  with 
**  meridians  cut  in  it,  so  that  the  line  between  the  light  and  the  shade 
<<  might  be  more  accurately  seen  without  a  penumbra.     This  globe 
'^  to  be  placed  on  a  pedestal,  in  such  a  position  that  the  hour  of  the 
''  day  may  be  seen  not  only  at  Glasgow  but  at  every  of  the  following 
^'  places,  viz.: — Van  Dieman's  Land,  Japan,  Moscow,  and  Pekin." 
On  April  20th  Dr.  Watt  read  his  strictures  on  Mr.  Telford's  report 
for  bringing  water  into  Glasgow,  which  was  proposed  to  be  printed, 
either  as  a  pamphlet  or  in  the  newspapers.     At  next  meeting  Mr. 
Boberton  read  on  the  proposed  improvements  at  the  Broomielaw. 
This  was  followed  by  a  paper  by  the  Secretary,  which  I  give  in 
the  words  of  the  minute  : — ''  Mr.  Boaz  produced  a  sketch  of  the 
''  river  Clyde,  from  the  conflux  of  it  and  the  Kelvin  up  to  near  the 
*'  Peat  Bog.     In  this  sketch  be  represented  a  dam  thrown  across 
''  the  channel  of  the  Clyde  at  the  upper  end  of  the  village  of  Long 
Govan,  with  a  lock  and  small  canal  cut  through  the  very  great 
bend  in  the  river  at  that  place,  where  several  dry  docks  could  be 
'*  built,  a  causeway  to  be  formed  on  the  top  of  the  dam  for  carriages 
of  every  kind,  where  a  toll   might  be  exacted — the  water  of 
the  river  at  the  fall  to  be  apply^  to  driving  machinery,  which 
''also  would  yield  a  considerable  revenue.      In  the  night  time 
and  on  Sundays,  when  the  water  is  not  used  for  the  machinery, 
it  will  accumulate  in  the  dam,  and  its  surface  rising  wiU  by 
means  of  floats,  he  described,  raise  self-regulating  sluices,  to  let 
^'ofl'  the  water  as  it  collects,  always  keeping  it  at  nearly  the 
''same   level"      These  sluices  (which  he  denominated  scouring 
sluices),  opening  upwards  from  the  bottom  will  always  keep  the 
bed  of  the  river  clear  of  sand  and  mud.     In  high  freshes  the 
water  will  glide  over  the  gently  inclined  plane  below  the  dam 
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down  into  iU  natural  bed.     He  proposed  that  the  towing  path 
should  be  continued  on  the  south  side  up  to  Clyde  Ironworks  or 
farther,  as  by  means  of  the  dam  the  river  would  be  navigable  very 
fax  up.    A  small  wharf  to  be  built  at  Hutchesontown.    Hie  Molen- 
dinar  Bum  made  navigable  for  small  and  fishing  craft  as  £bu*  at 
least  as  St.  Andrew^s  Square.     The  Breast  between  the  old  and 
new  bridges  to  be  appropriated  for  vessels  of  a  small  draft  of  water. 
The  bed  of  the  river  to  be  widened  at  the  Broomielaw,  and  a  quay 
bnilt  opposite  to  the  present  one,  thus  superseding  the  necessity  of 
a  wet  dock,  as  by  these  means  the  whole  river  above  the  dam 
would  be  as  a  wet  dock.     The  most  of  these  and  other  improve- 
ments he  mentioned  did  not,  he  observed,  originate  with  himself, 
but  were  suggested  by  different  gentlemen  of  this  Society  and 
others.     11th  May,  1807. — This  subject  appears  to  have  excited 
much  interest,  and  I  give  further  extracts  from  the  minutes: — 
*•  1st  June,  1807. — Mr.  Peter  Fleming  produced  a  drawing,  and 
''read  the  report  promised  at  last  meeting.     He  proposed  that  a 
''  Bar  should  be  thrown  across  the  river  at  the  lower  end  of  the 
''present  quay.     To  excavate  the  Green  opposite  the  quay,  and 
"  build  another  on  the  ^outh  side,  thus  forming  a  large  square  basin 
"  with  flood-gates  of  cast  iron.     He  also  proi)osed  that,  should  this 
''  basin  not  be  large  enough  for  the  increasing  navigation  of  the 
"  Clyde,  to  form  another  wet  dock  on  the  north  side,  all  as  more 
*' fully  explained  in  the  re|)ort,  which,  at  the  Society's  request,  he 
"  allows  to  remain  amongst  the  other  essays."    Again,  on  June  8th, 
we  are  told  that  '*  A  general  conversation  took  place  on  improving 
"the  navigation  at  the  Broomielaw.     Dr.  Watt  proposed  that  a 
"  digest  sliould  be  made  of  the  best  ideas  that  have  yet  occurred 
"on   this   subject,  and   8ubmit  it  to  inspection  in  some  public 
"  place.     Mr.  lloberton,  Mr.  Grant,  and  Mr.  P.  Fleming  gave  each 
"  a  sketch  of  a  sluice  or  gate  for  the  river.     Mr.  Roberton's  had  a 
"  float,  which,  being  buoyed  up  by  the  tide,  in  rising  depressed  the 
"sluice  so  OS  to  make  it  descend  and  lie  flat  at  the  bottom  of 
**  the  water,  so  allowing  vessels  to  pass  over  it.     When  the  tide 
"  ebbs  the  sluice  rises,  so  preserving  the  same  level  of  water  at  all 
"  times  above  the  gate.     Mr.  Grant's  was  of  the  same  kind,  only 
"  that  his  sluice  was  to  be  always  perpendicular  with  the  horizon, 
"  and  was  to  rise  and  fall  directly  upwards  and  downward^     Mr. 
"  P.  Fleming  promised  to  prepare  by  next  night  an  estimate  of  the 
"  bar  and  of  the  plan  he  suggested,  as  mentioned  in  minute  of  1st 
"  current  **    Accordingly,  on  June  15th,  "  Mr.  Fleming  gave  in 
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''  ids  plan  and  report,  as  mentioned  last  meeting.  He  proposed 
''  throwing  a  bar  over  the  Clyde  a  little  above  the  coal  quay  cotton 
«  mill,  to  excavate  the  Green  opposite  Clyde  Buildings,  and  down 
*'  to  the  bar,  in  a  straight  line  from  the  south  end  of  the  new 
*'  bridge,  to  continue  the  present  Broomielaw  Quay  down  to  the 
'^  bar  on  the  north  side,  thus  forming  an  oblong  square  sheet  of 
''  water  for  vessels  to  lie  in,  instead  of  a  wet  dock,  and,  being  about 
'^  400  feet  wide  and  2200  feet  long,  will  contain  many  more  vessels 
than  any  of  the  plans  proposed  by  Messrs.  Telford,  Benniey  or 
Baird  ;  to  have  a  lock  on  each  side  of  the  bar  for  the  passage  of 
"  vessels  up  from  and  down  into  the  river  at  any  time  of  ebb  tide ; 
"  the  bar  to  be  built  two  feet  lower  than  ordinary  high-water,  so 
*'  that  at  full  tide  the  water  in  the  river  will  flow  over  the  bar 
into  the  dam.  He  divided  these  improvements  into  three  distinct 
parts — the  first  is  the  lengthening  the  present  quay  and  building 
"  the  bar  and  one  lock  on  the  north  side  ;  the  estimate  of  this  part 
was  £  ,     Second,  the  excavation  of  the  ground  at  Clyde 

Buildings,  building  a  wharf  there,  and  erecting  an  iron  bridge 
«  immediately  below  the  new  bridge^  for  the  cartage  of  goods  to 
''  and  from  the  other  side  ;  the  expense  of  these  he  estimated  at 
*^  £  .     Third,  to  continue  the  south  wharf  down  to  the 

"  bar,  and  building  the  south  lock,  £  — making  in  all,  per 

*'  estimate,  £25,000.  He  promised  to  bring  by  next  night  a  fair 
'*  copy  of  the  report-  and  estimate,  which  Mr.  M'Intosh  offered  to 
introduce  to  the  magistrates.  He  also  proposed  having  a  dry 
dock  in  the  garden  ground  on  the  north  side  of  the  river.  This 
plan  was  executed  in  a  very  good  style,  and  with  it,  the  report  and 
«  estimate,  all  present  were  well  pleased."  On  July  6th  the  subject 
of  friction  was  under  discussion.  One  gentleman  endeavoured  to 
demonstrate  that  if  a  smooth  body  of  a  cylindrical  form  was  rolled 
upon  a  smooth  flat  surface  no  friction  would  ensue,  and  proposed 
that  this  principle  should  be  applied  to  the  gudgeons  of  a  steam 
engine  walking  beam,  instead  of  the  bushes  in  present  use.  On 
July  7  th  a  map  of  Glasgow  was  purchased,  which  I  hope  is  still  in 
the  possession  of  the  Society.  The  improvement  of  the  river  was 
considered  on  several  occasions,  and  I  shall  give  a  few  extracts 
from  the  minutes  on  this  subject.  On  July  13th  we  find  that 
''  ilr.  Boberton  read  the  essay  promised  6th  current,  and  exhibited 

"  drawings  therewith  connected     He  proposed  that  at yards 

"  below  the  new  bridge  at  the  Broomielaw  there  should  be  a  pro- 

^' jection  from  the  land  on  each  side,  for  the  purpose  of  contracting 
Vol.  XIII.— No.  1.  b 


18  Philoiopkieal  Scdefy  qf  Gkugow. 

^  the  ibm  to  ten  yards;  at yards  below  this  a  second 

^contraction,  bnt  fifty  feet  wide;  and  at yards  below  the 

**  second  contraction  a  third  of feet  wide— making  in  all  three 

^  contractions  of  the  river,  at  each  producing  a  certain  accliyity  or 
'^  fall  of  the  water,  by  which  means  there  will  be  a  sufficient  depth 
^at  the  Broomielaw  to  prevent  vessels  ever  going  aground,  and 
they  may  at  any  time  of  the  tide  either  pass  up  or  down  channel 
without  hindrance  or  delay,  as  in  the  case  of  locks."  Again,  on 
July  20th,  ''Mr.  Grant  read  the  essay  promised  last  minute, 
^  and  exhibited  drawings  illustrative  thereof.  The  improvement 
''which  was  the  subject  of  it  was  a  method  of  preserving  the 
"water  at  the  Broomielaw  always  about  one  height,  whatever 
"  might  be  the  time  of  the  tide  or  ordinary  freshes  of  the  river. 
"  This  he  proposed  to  effect  by  a  bar  built  across  the  channel,  the 
"  top  of  which  should  be  '  loWf  on  purpose  to  prevent  too  much 
"damming  up  of  the  water,  and  consequent  partial  inundations 
^'  of  the  town  in  cases  of  heavy  swells.  But  when  little  water  is  in 
"  the  river  the  height  of  this  bar  should  be  increased  two  or  more 
"  feet  by  a  series  of  sluices  across  the  river,  moveable  on  hinges, 
"  and  raised  up  from  the  outside  of  the  bar  to  stem  the  current 
"  and  elevate  the  sur&oe  of  the  enclosed  water  till  it  flowed  over 
"  their  top,  each  sluice  to  move  on  two  hinges,  the  half  of  each  hinge 
"  fixed  to  the  sluice,  the  other  to  the  top  of  the  bar.  These  sluices 
"  were  to  be  supported  at  certain  elevations  against  the  current  by 
"means  of  two  levers  acting  on  each  sluice,  which  levers  were 
"  acted  upon,  each  by  a  larger  lever.  To  the  end  of  these  large 
''  levers  is  attached  a  buoy  floating  on  the  water  below  the  bar. 
"  When  that  water  falls  low,  the  buoys  falling  raise  the  sluices 
"  first  to  a  vertical  position ;  second,  when  the  water  gets  higher 
"  the  buoys  rising  depress  the  sluices  to  a  slope  corresponding  to 
"the  rise  of  the  water;  third,  when  the  water  gets  very  high, 
"  the  buoys  by  being  raised  depress  the  sluices  so  much  that  they 
"lie  in  a  horizontal  position.  All  these  gradations  Mr.  Grant 
"  illustrated  by  coloured  perspective  drawings,  diagrams  and  sec- 
"tions.  On  the  Vice-President  putting  round  the  question  as  to 
'*  the  members'  opinion  of  the  whole,  some  objections  were  made  by 
"  Mr.  P.  Fleming  and  others  as  to  the  practicability  of  the  scheme, 
"  and,  if  practicable,  how  long  these  levers,  buoys,  and  sluices  would 
'*  be  able  in  a  complete  state  of  repair  to  resist  the  heavy  swells  to 
"  which  the  river  is  subject,  accompanied  by  large  bodies  of  ice 
"  floating  down  the  stream.     The  scheme,  however,  was  universally 
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^^  acknowledged  to  be  ingenious,  however  objectionable  or  defective 
■^  in  a  practicable  point  of  view." 

''On  August  10th,  Mr.  Peter  Fleming  spoke  an  extempore 
"  essay  upon  the  means  of  bringing  up  from  the  sea  to  the  Broomie- 
"law,  ships  of  300  tons  burden  and  upward&  This,  he  showed, 
"  could  be  done  by  means  of  making  hollow  vessels  of  wood,  which 
"  when  filled  with  water  were  to  be  attached  to  the  ship's  sides 
''  and  ends.  The  water  was  then  to  be  pumped  out  of  these  vessds, 
''  whose  buoyancy  would  thai  raise  up  the  ship  to  a  hei^t  propor- 
'*  tioned  to  the  specific  levity  of  the  whola  In  that  state  the  ship 
"would  partly  be  suspended  or  supported  as  on  a  flat-bottomed 
**^  boatb  Mr.  Fleming  exhibited  drawings  of  this  idea,  adding  that 
"  these  floaters  or  punts  could  be  provided  at  Greenock  and  hired 
^  out  to  the  ship  so  long  as  would  bring  her  up  to  the  wet  dock 
**  proposed  at  the  Broomielaw,  and  that  such  hirings  might  prove 
^  a  lucrative  branch  to  a  speculator  therein.  The  Society  are  to 
'^consider  of  this  tUl  next  meeting."  At  next  meeting,  August 
17th,  "Conversation  took  place  on  Mr.  Fleming^s  proposal  men- 
''  tioned  in  last  minute.  Instead  of  pumping  the  water  out  of  the 
''  floaters,  it  was  suggested  to  keep  them  always  free  of  water,  and 
^  to  force  them  down  near  to  the  ship's  bottom  by  means  of  screws 
''and  otherwise.  However  the  general  opinion  was  that  Mr. 
"  Fleming's  original  suggestion  was  most  practicable." 

When  considering  the  improvement  of  the  liver,  the  question  of 
utilizing  the  force  of  the  tides  was  considered.  I  give  you  two 
minutes  on  this  subject: — On  July  27th  "The  Vice-President 
"  delivered  an  extempore  essay  upon  the  diflerent  useful  purposes 
^'  to  which  the  rise  and  fall  of  the  tides  could  be  applied.  He 
"  proposed  having  a  very  large  float  inclosed  in  a  receptacle,  in  which 
"  was  an  aperture  for  the  ingress  and  egress  of  the  tide.  At  the 
"  flow  of  the  tide  this  float  would  be  raised  with  a  force  commen- 
"  surate  to  its  bulk  and  levity;  and  at  ebb  the  float,  by  the  tide 
"  receding  from  under  it,  would  operate  as  a  weight.  These  alt^- 
^  nate  risings  and  fallings  were  to  act  by  means  of  rachets  upon  a 
"  wheel  or  wheels  connected  with  the  machinery  of  cotton  mills 
or  other  works.  The  magnitude  of  this  first  mover  was  to  make 
np  for  the  slowness  of  its  motions,  so  that  it  might  have  in 
"  power  what  it  lost  in  time.  He  proposed  to  apply  this  principle 
"  to  cranesy  by  making  the  vessel  itself  that  is  to  be  loaded  or 
livered  to  perform  the  part  of  the  float  above  mentioned,  which 
was  to  act  upon  machinery  for  the  purpose  of  working  the  crane. 
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**  Thus  while  a  vessel  lies  at  a  wharf  where  the  tide  has  access  to, 
*'  she  may  without  any  other  power  load  and  unload,  or  another 
*'  vessel  at  a  distance  could  do  the  same  thing  to  her  by  means  of 
<<  lying  shafts  connected  with  the  crane.  These  were  the  principal 
''matters  the  Doctor  dwelt  upon.  It  was  thought  by  several 
<'  members  that  the  bulk  and  cost  of  a  float  of  this  kind  would  be 
"  so  enormous  for  even  a  one  horse-power  engine  that  it  could  not 
be  carried  into  execution  with  any  regard  to  economy,  besides 
other  objections  were  uiged  against  it.  Next  night  he  proposed 
<<  giving  a  calculation  of  the  bulk  and  gravity  of  a  float  for  an 
''  engine  of  this  kind  equal  to  a  one  horse-power.  At  this  meeting 
"  the  unwelcome  news  reached  the  Society  of  the  death  of  Creoi^ge 
"M*Intosh,  Esq.,  its  worthy  President"  On  August  3rd  "Dr. 
'*  Watt  read  a  calculation  promised  at  last  meeting,  from  which 
*^  calculation  it  appeared  that  by  a  rise  of  tide  1 1  feet  a  float  of  88 
"  feet  square  would  be  equal  to  a  steam  engine  cylinder  8^-inch  dia- 
'^  meter,  6  feet  stroke,  going  20  per  minute.  Mr.  Hastie  produced 
*^  another  calculation  giving  the  following  result: — That  on  a  rise 
'*  of  tide  of  12  feet^  a  float  59  feet  square  would  be  equal  to  a  one 
^  horse-power  engine.  In  this  paper  Mr.  Hastie  also  demonstrated 
'*  that  one  horse  in  six  hours  would  raise  water  12  feet  sufficient 
<<  to  fill  a  cistern  1760  feet  area,  12  feet  deep." 


I. — Suggeationa  as  to  ATnendment  of  various  FratichiseSj  and  Im- 
provement in  Mode  of  Levying  and  Collecting  Rates  and 
Assessments  in  Scotland,  By  William  Campbell,  Assessor, 
Glasgow. 

[Read  December  Ist,  1880.] 


It  having  been  suggested  to  me  that,  as  I  happened  to  be  acquainted 
with  the  various  franchises,  I  might  give  a  short  sketch  of  the- 
nature  and  effect  of  these  franchises,  accompanied  with  such  sug- 
gestions as  might  occur  to  me — especially  with  reference  to  my  own 
department  as  Assessor,  and  to  the  amendment  of  the  existing 
franchises  and  improvement  in  the  method  of  levying  and  collecting 
the  various  rates  and  assessments — I  have,  therefore,  noted  a  few 
mattera  connected  with  the  subject,  which  I  shall  endeavour  to^ 
detail  to  you  in  as  few  words  as  possible. 
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It  may  be  desirable  at  the  outset  to  give  a  short  statement  of 
rental,  population,  and  dwelling-houses,  as  these  matters  have  a 
considerable  bearing  upon  the  franchise  question : — 


Rental  op  Glasgow. 

There  is  no  proper  i*ecord  of  the  rental  of  Glasgow  prior  to 
1855.  But  from  old  records  information  can  be  gleaned  which 
shows  in  a  marked  manner  how  small  it  must  have  been  in  1712 
compared  with  what  it  in  now.  In  that  year  the  total  rental  of 
Spreull's  Land,  then  the  most  valuable  in  the  west  end  of  the 
Trongate,  was  £56  13s.  4d.  In  this  land  Ladies  Glencaim, 
Auchinbrock,  and  Craignish  had  their  town  houses,  the  rents  of 
which  were  £9,  £6  13s.  4d.,  and  £5  10&  respectively. 

At  this  period  there  were  only  202  shops  in  Glasgow,  the 
highest  rent  being  £5  and  the  lowest  12s.  Just  imagine  for  a 
moment  what  kind  of  a  shop  could  now  be  had  in  Glasgow  for 
12s.  The  commonest  coal-ree  would  bring  a  I'ent  at  the  present 
time  of  four  times  that  sum.  The  average  rental  of  shops  in  the 
Trongate  now  is  £174.  Although  there  has  been  no  record  of  the 
rental  of  Glasgow  until  a  recent  period,  a  list  has  been  found  of 
persons  assessed  in  1816  according  to  their  means,  from  which  it 
appears  that  the  gross  value  of  property  of  persons  owning  £300 
and  upwards  amounted  to  £7,016,900.  If  we  take  the  rental 
of  Glasgow  for  1879,  which  amounts  to  £3,432,000,  at  sixteen 
years'  purchase,  we  have  heritable  property  worth  £54,912,000, 
exclusive  altogether  of  personal  property,  which  must  amount  to 
a  very  large  sum.  This  shows  the  rapid  strides  Glasgow  has  made 
in  such  a  very  short  period.  The  first  authentic  record  of  rental 
we  have  in  Glasgow  is  the  Valuation  Roll  made  up  in  1855,  under 
the  provisions  of  the  Lands  Valuation  Act  for  Scotland  passed  in 
1854.  .The  annual  rental  for  the  area  of  the  present  municipality 
WBJS,  in  1855,  £1,380,892.  The  annual  rental  for  the  same  area 
for  the  year  1879,  as  already  stated,  was,  in  round  nimibersi 
£3,432,000,  showing  an  increase  between  the  years  1855  and 
1879  of  about  145  per  cent. 

The  present  suburbs  of  Glasgow  may  be  said  to  be  as  much 
-Glasgow  as  the  area  of  the  present  municipality  was  in  1855, 
because  nearly  all  the  suburbs  have  grown  up  from  the  overflow 
of  Glasgow  since  then,  her  boundaries  being  a  fixed  line  under  the 
Reform  Act  and  the  Municipal  Act  of  1846,  with  two  very  trifling 
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extensions  between  the  years  1872  and  1878.  Were  the  rental, 
therefore,  of  these  suburbs  added  to  the  increase  in  Glasgow — which- 
it  ought  to  be,  in  order  to  show  the  true  and  real  progress  of  Glas- 
gow— the  increase  would  be  upwards  of  200  per  cent,  tdnce  1855. 
In  connection  with  this  subject  it  maj  not  be  out  of  place  to 
remark  that  Glasgow,  like  most  great  cities,  has  grown  or  extended 
more  in  a  southerly  and  westerly  direction  than  in  a  northerly 
and  easterly  direction.  This  is  evidenced  by  the  fact  of  the 
creation  of  the  eight  police  burghs  of  Hillhead,  Partick,  Govan, 
JTinnmg  Park,  PoUokshields,  East  Pollokshields,  Grosshill,  and 
Govanhill,  which  form  a  cordon  around  Glasgow  in  a  southerly 
and  westerly  direction,  and  so  prevent  Glasgow  growing  a  step  in 
these  directions. 

Population. 

Although  there  have  been  no  records  of  the  rental  of  Glasgow 
from  an  early  period,  there  are  authentic  records  extant  as  to  its 
population. 

The  population  of  the  city  has  gradually  and  rapidly  increased 
since  the  union  with  England  in  1707.  The  first  authentic  enume- 
ration of  the  people  that  was  taken  in  the  city  was  in  the  year 
1610.  At  that  period  the  inhabitants  amounted  to  7644  ;  in  1614 
the  number  had  increased  to  8000  ;  in  1660,  at  the  restoration  of 
Charles  IL,  to  14,678 ;  in  1688,  at  the  Revolution,  the  number 
had  declined  to  11,948 ;  the  religious  troubles,  or  what  was  then 
called  the  persecution,  are  given  as^  and  undoubtedly  were,  the 
cause  of  the  decline.  In  1708^  after  the  union  with  England,  the 
number  had  increased  to  12,766.  In  1712  the  inhabitants  were 
numbered,  by  order  of  the  Convention  of  Eoyal  Burghs,  and  the 
number  then  sworn  to  was  13,832.  In  1740  the  nimiber  had 
increased  to  17,043.  In  1743,  again,  it  had  increased  to  18,366. 
In  1757  the  then  suburbs,  which  are  now  within  the  boundaries 
of  Glasgow,  were  included  in  the  aggregate,  and  the  number  then 
was  23,546.  But  I  need  not  trouble  you  too  much  with  details 
for  such  short  periods.  In  1801  the  population  was  83,769.  In 
1811,  at  the  census,  the  number  was  100,749.  In  1831  the 
population  of  the  city  and  suburbs — the  then  suburbs,  as  already 
stated,  now  forming  part  of  the  city —was  202,426.  At  the  census 
in  1871  the  population  of  the  present  city  was  491,964.  It  is 
estimated  that  the  population  of  the  city  is  now  about  550,000. 
If  to  this  the  population  of  the  suburbs  were  added,  which,  as 
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before  remarked,  is  really  the  overflow  of  Glaagow,  we  would 
have  a  population  of  upwards  of  700,000,  proving  in  the  clearest 
manner  the  rapid  rate  Glasgow  has  increased  within  a  reoent 
period. 

Dwelling-houses. 

The  number  of  dwelling-houses  in  Glasgow  in  the  year  1879 
was  119,073.     The  number  occupied  was  107,200. 

Of  this  latter  number  there  are  rented  under 

£10,   ....  73,026 

and  rented  at  and  above  £10,     -  34,174 

107,200 

This  will  show,  at  a  glance,  that  the  inhabitants  of  Glasgow  are 
composed  principally  of  the  working-classea  From  the  great 
railway  &cilities  provided  by  the  railway  companies  to  and  from 
Glasgow  the  better-off  and  well-to-do  merchants,  manu&cturers, 
traders,  and  others  now  reside  beyond  the  city  bounds;  and  year 
by  year  this  will  go  on  increasing  as  new  suburbs  come  into 
existence  and  such  facilities  are  continued  and  extended. 


FbaKOHISES — BUBGH  AND  LoCAL. 

The  present  franchises  for  parliamentary  and  municipal  purposes 
are  conferred  as  follows,  viz.: — 

1.  On  persons  entitled  to  vote  in  the  election  of  members  to 

serve  in  Parliament. 

2.  On   persons  entitled  to  vote  in  the  election  of  Town 

Councillors. 

These  franchises  are  provided  for  under  the  Reform  Acts  of  1832, 
1833,  and  1868. 

The  register  of  voters  made  up  for  parliamentary  purposes  is 
declared  by  the  Registration  of  Voters'  Act,  1856,  and  subsequent 
Acts,  to  be  also  the  register  for  the  election  of  town  councillorsi 
80  that  there  is  only  one  register  in  such  burghs  for  parliamentary 
and  municipal  purposes  where  the  boundaries  are  co-extensive ;  but 
where  the  boundaries  are  not  co-extensive  a  separate  list  of  voters 
for  the  portion  of  the  municipality  beyond  the  parliamentary  buigh 
is  made  up  under  special  statutes — the  parliamentary  roister 
answering  for  the  municipality  within  the  parliamentary  burgh. 
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Prior  to  1856,  in  order  to  make  up  the  register  of  voters, 
h  wu  neoessarj  for  each  person  entitled  to  be  enrolled  to  lodge 
with  the  Town-Clerk  a  claim,  filled  up  and  signed  by  him,  and  for 
wlddi  he  paid  a  fee.  These  claims  had  to  be  printed  and  published 
hj  the  Town-Clerk,  and  hung  up  on  the  church  doors.  The  daims 
were  sabsequentlj  adjudicated  upon  bj  the  Sheriff,  in  Courts  held 
for  the  purpose,  who  admitted  or  rejected  the  claims,  according  to 
the  evidence  adduced,  each  claimant  or  his  agent  being  obliged  to 
attend  to  his  claim  before  the  Registration  Courts ;  and  the  K^is- 
ten  of  Voters  were  thereafter  made  up  and  completed  from  the 
admitted  claims.  This  was  a  very  cumbrous  way  of  making  up 
the  registers,  and  entailed  upon  the  pei'sons  entitled  to  enrolment 
a  great  deal  of  unnecessary  expense  and  annoyance.  So  much 
was  this  found  to  be  the  case  that  the  Burgh  Voters'  Act  was  passed 
in  1856,  under  which  assessors  were  authorised  to  be  appointed 
lor  making  up,  printing,  and  publishing  annually  a  list  of  persons 
entitled  to  be  enrolled  as  voters  under  the  Registration  Acts,  the 
expenses  to  be  borne  by  an  assessment  provided  by  the  Act  to  be 
levied  upon  the  owners  and  occupiers  of  heritages  in  the  burgh. 

The  Valuation  Act  for  Scotland,  passed  in  1854,  provides  that 
mmeman  shall  be  appointed  by  the  commissioners  of  supply  in 
each  of  the  counties,  and  by  the  magistrates  in  each  of  the  burghs, 
to  make  up  annually  a  valuation  roll  for  each  of  the  counties  and 
bar^  respectively,  showing  the  yearly  rent  or  value  for  the  time 
of  the  whole  lands  and  heritages  within  such  county  or  burgh 
respectively,  specifying  in  each  case  the  nature  of  the  lands  and 
heritages,  and  the  names  and  designations  of  the  proprietors  or 
reputed  proprietors,  and  where  there  are  tenants  and  occupiers,  of 
the  tenants  and  occupiers  respectively.  The  assessor,  under  the 
Burgh  Voters'  Act  of  1856,  must  be  the  same  person  as  is 
appointed  assessor  under  the  Valuation  Act;  and  by  section  17  of 
the  Burgh  Voters'  Act  it  is  provided  that  the  valuation  roll  so  to 
be  made  up  shall  be  received  and  taken,  with  reference  to  the 
preparation  of  the  i*egister  of  voters,  as  primd  facie  proof  that  the 
gross  yearly  rent  or  value  of  any  subjects  specified  in  such  valu- 
ation roll  is  and  has  been  for  the  year  from  the  15th  May  in  each 
year  of  the  amount  set  forth  for  the  time  in  such  valuation  roll, 
and  also  as  prima  facie  proof  that  the  persons  therein  set  forth  as 
proprietors,  tenants,  and  occupants,  respectively,  have,  for  the 
period  to  which  such  valuation  applies,  been  such  proprietors, 
tenants^  and  occupants,  respectively,  as  therein  stated.     And  it 
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is  firom  this  valuation  roll,  and  from  the  annual  survey  made 
by  him  of  all  separate  houses  and  premises,  that  the  assessor, 
under  the  Burgh  Voters'  Act,  1856,  obtains  the  information  neces- 
sary to  enable  him  to  prepare  the  register  of  burgh  voters  annually, 
as  provided  for  by  that  Act  and  the  Eeform  Act  of  1868.  By 
the  Burgh  Voters'  Act  provision  is  made  for  persons  who,  from 
any  cause,  may  have  been  omitted  from  the  register  made  up  by 
the  assessor,  lodging  claims,  from  the  15th  to  the  21st  September, 
with  the  assessor,  to  be  considered  and  disposed  of  by  the  Sheriff! 
These  claims  have  always  been  comparatively  few  in  number  when 
the  number  of  voters  on  the  register  is  taken  into  account. 

The  franchises  in  parliamentary  and  municipal  or  royal  burghs, 
in  short  language,  consist  as  follows:— 

1.  Owners  of  property  within  the  parliamentary  and  municipal 
boundaries,  respectively,  of  the  annual  value  of  £10  and  upwards. 
These  owners  must  have  resided  within  the  boundaries,  or  within 
seven  statute  miles  thereof,  for  six  months  prior  to  31st  July  each 
year. 

2.  Occupiers  of  premises,  whether  dwelling-houses,  shops,  or 
warehouses,  d^,  within  the  same  boundaries,  of  the  annual  value 
of  £10  and  npwai*ds,  who  have,  for  twelve  calendar  months  prior  to 
31st  July,  occupied  the  same  or  similar  premises,  and,  in  the  cases 
of  business  premises,  have  resided  for  six  calendar  months  prior  to 
31st  July  within  these  boundaries  or  within  seven  statute  miles 
thereof;  and  partners  of  firms,  whose  residential  qualifications  are 
the  same  as  sole  occupants,  and  whose  respective  shares  or  interests 
in  the  premises  are  of  the  annual  value  of  £10  and  upwards. 

It  is  provided  that  these  owners  and  occupiers  shall  have  paid 
all  assessed  taxes,  and  shall  have  not  been  in  receipt  of  parochial 
relief  within  twelve  calendar  months. 

3.  Occupiers  of  dwelling-houses  under  £10  of  annual  value  who 
f(Dr  twelve  calendar  months  preceding  31st  July  have  inhabited  or 
resided  in  the  same  or  similar  dwelling-houses  within  the  foresaid 
boundaries,  and  who  have  paid,  on  or  before  20th  June  each  year, 
all  poor  rates  due  by  them,  and  who  have  not  been  exempted  from 
the  payment  of  poor  rates,  and  who  have  not  received  parochial 
relief  during  the  year  prior  to  Slst  July. 

4.  Lodgers  who  have  for  the  twelve  calendar  months  preceding 
31st  July  occupied  lodgings  within  the  said  boundaries  of  a  clear 
annual  value,  if  let  unfurnished  and  without  attendance,  of  £10 
and  upwards. 
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The  number  of  parliamentary  electors  on  the  register  for  Glasgow 

for  the  year  1879-80  was 57,920 

and  for  the  portion  of  the  municipal  burgh  beyond  the 
parliamentaiy  bui^h  the  number  was      ...         ...         ...       2,497 

making  the  total  municipal  constituency  of  Glasgow     ...     60,417 

As  already  stated,  the  number  of  occupied  houses  in  Glasgow  in 
1879  was  107,200;  and  it  may  appear  at  first  sight  somewhat 
strange  that  out  of  that  number  only  60,417  persons'  names  are 
entered  in  the  mimicipal  register  of  voters.  The  difference  is 
accounted  for  as  follows : — (1)  To  be  a  voter  as  a  householder  the 
occupant  must  have  been  in  possession  for  twelve  months  prior  to 
3 1st  July  each  year;  but  a  considerable  number  of  the  occupants 
have  only  been  in  possession  from  the  Whitsunday  immediately 
preceding,  and  so  have  not  had  the  twelve  months'  residential 
qualification;  (2)  a  considerable  number  of  persons  occupying 
houses  are  females,  who  are  not  voters ;  and  (3)  last  year  there 
were  in  Glasgow  upwards  of  28,000  moUe  occupiers  of  houses  rented 
under  £10,  who  for  the  previous  year  failed  to  pay,  or  were 
exempted  from  payment  of,  their  poor  rates.  These  three  causes 
explain  the  discrepancy  between  the  great  number  of  occupied 
houses  and  the  much  smaller  number  of  voters. 

There  is  anothei-  kind  of  franchise  in  burghs,  viz.,  the  electors 
entitled  to  vote  in  the  election  of  managers  of  the  poor  in  each 
parish*  There  are  three  such  parishes  in  Glasgow.  This  franchise 
is  conferred  by  the  Poor  Law  Act  of  1845  on  owners  and  occupiers 
of  lands  and  heritages  in  each  of  the  parishes  who  have  paid  theii* 
poor  rates  for  the  year,  each  owner  or  occupier  being  entitled  to  a 
certain  number  of  votes,  according  to  the  extent  of  their  rentals 
respectively,  the  highest  number  of  votes  allowed  to  be  given  being 
limited  to  six  in  all.  This  franchise  extends  to  females  as  well  as 
males. 

There  is  also  another  franchise  in  burghs  under  the  Scotch 
Education  Act  of  1872.  These  electors  consist  of  all  persons 
whose  names  are  entered  in  the  latest  completed  Valuation  Roll  as 
owners  or  occupiers  of  lands  and  heritages  of  the  annual  value  of 
£A  and  upwards,  situated  within  the  school  district  for  which  the 
School  Board  is  to  be  elected.  This  franchise  also  extends  to 
females,  as  in  the  case  of  the  Poor  Law  franchise. 

A  variety  of  other  bodies,  as  well  as  individual  persons,  are 
entered  in  the  Valuation  Boll  as  owners  and  occupiers ;  but  the 
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firms,  companies,  dea,  entered  in  the  Valuation  Boll  are  not  School 
Board  electors,  inasmuch  as  they  are  not  persons.  It  has  to  be 
observed  that  this  franchise  is  not  limited  to  such  persons 
as  pay  rates,  as  in  the  cases  of  the  other  franchises.  The  result 
of  this  has  been  that  the  members  of  the  School  Board  have  been 
elected  by  a  very  great  number  of  persons  who  have  not  paid  ratea 
at  all — ^the  average  number  of  male  occupiers  of  houses  in  Glasgow 
under  £10  of  rent  since  the  year  1868  who  have  not  paid  rates  being 
about  25,000  a  year,  while  the  firms,  companies,  dec.,  which  are 
very  numerous,  have  no  voice  in  the  elections,  and  yet  they  one  and 
all  pay  their  rate&  In  the  case  of  twelve  firms,  which  I  have  selected 
as  examples  of  the  injustice  done  to  such  ratepayers,  I  find  these 
twelve  firms  have  a  gross  rental  of  £34,884  a  year,  which  is  equal 
to  the  average  rental  of  4983  houses  under  XIO,  many  of  the 
occupiers  of  which  do  not  pay  rates  at  all ;  yet  the  occupiers  of 
the  4983  houses  are  one  and  all  School  Board  electors.  In  short, 
the  School  Board  electors  are  principally  male  and  female  occupiers 
who  do  not  pay  rates,  while  the  bona  fide  ratepayers  are  excluded 
from  a  privilege  which  payment  of  their  rates  ought  to  give  them. 


FbakohiseS'—Oountt  and  Local  thbrein. 

These  franchises  were  conferred  by  the  Reform  Acts  of  1832 
and  1868  upon  nearly  the  same  class  of  electors,  with  certain 
additions  and  distinctions,  provided  for  under  the  Acts — the 
qualifying  rental  for  owners  being  £5,  and  for  occupiers  of  £50  and 
upwards,  whether  such  last-mentioned  occupiers  pay  rates  or  not  \ 
and  for  occupiers  of  £14  and  under  £50  who  have  paid,  on  or 
before  20th  June,  all  poor  rates  due  by  them,  and  who  have  not 
been  exempted  from  payment  of  rates,  and  have  not  received 
parochial  relief.  This  register  of  electors  was  formerly  made  up 
by  claims  lodged  in  the  same  way  as  for  the  burgh  voters'  register, 
and  this  mode  of  making  up  the  register  of  county  electors  produced 
the  like  expense  and  annoyance  as  the  making  up  of  the  burgh 
register  did.  In  consequence  of  this  the  County  Voters'  Act  of 
1861  was  passed,  which  provided  for  the  making  up,  by  specially 
appointed  assessors,  of  registers  of  voters  for  counties  in  a  some- 
what similar  manner  to  that  already  explained  for  making  up  the 
register  of  voters  for  the  burghs. 

There  are  also  certain  local  franchises  in  counties  conferred  on 
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the  male  ratepayers  in  police  burghs  (outside  parliamentary  and 
royal  burghs)  occupying  heritages  in  these  police  burghs  of  the 
annual  value  of  £4  and  upwards,  as  provided  for  under  the 
<S^eral  Police  Acts  1862  and  1868,  the  commissioners  of  supply 
having  jurisdiction  and  assessment  powers  therein  as  well  as  over 
the  remainder  of  the  county.  No  owner,  unless  he  be  also  an 
occupier,  can  vote  in  the  election  of  the  commissioners  in  these 
police  burghs. 

There  is  likewise  a  franchise  in  the  county  for  the  election  of 
the  parochial  boards  or  managers  of  the  poor,  and  also  for  the 
school  boards  in  the  several  parishes  within  the  county,  outside 
parliamentary  and  royal  burghs.  These  franchises  are  of  a  some- 
what similar  character  to  the  parochial  and  school  board  franchises 
in  parliamentary  and  royal  burghs  which  have  already  been 
referred  to. 


SuggtBiions  fw  AmendmerU  and  AasimikUum  of  Franchises  in 
FarUamentarg  Burghs  and  in  Counties  in  Seotiand. 

L — Parliaicemtary  Bubghs  in  Scotland. 

From  the  practical  experience  I  have  gained,  J  have  come  to  be 
of  opinion  that  the  only  sound  and  fair  representation  which  ought 
to  prevail  for  every  purpose  is  that  based  upon  payment  of  rates. 
Representation  and  taxation  ought  to  go  together  for  franchises  of 
every  kind.  I  am  further  of  opinion  that  in  parliamentary  and 
royal  burghs  there  should  only  be  one  register  of  voters  for  parlia- 
mentary, municipal,  poor  law,  and  school  board  elections,  and  that 
that  register  should  be  declared  to  be  the  register  of  electors  made 
up  under  the  provisions  of  the  Burgh  Voters'  Act  of  1856,  and  the 
Eeform  Act,  1868,  already  referred  to;  and  that  the  electors 
49hould  be: — 

(1).  Owners  for  six  months  of  lands  and  heritages — having  the 
meaning  attached  to  that  expression  in  the  Valuation  of  Lands 
Act, — whether  joint  or  sole,  of  £5  of  rental  and  upwards,  and  who 
have  resided  or  carried  on  business  in  the  burgh  for  twelve  months 
prior  to  31st  July  yearly. 

(2).  Occupiers  of  lands  and  heritages,  having  the  meaning 
iittached  to  that  expression  in  the  Valuation  Act,  whether  joint  or 
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sole,  of  any  rental,  and  who  have  occupied  such  heritages  in  the 
burgh  for  twelve  months  prior  to  31st  July  yearly. 

(3).  Females  who  are  unmarried,  widows,  and  married  women 
liying  separate  fix)m  their  husbands  and  whose  earnings  are  pro- 
tected by  law,  and  who  are  owners  or  occupiers  as  under  Nos. 
1  and  2  above,  should  also  be  electors,  seeing  that  in  poor  law 
and  school  board  elections  females  are  electors. 

I  would  also  suggest  (1)  that  the  seven  mile  limit  of  residence  from 
burghs,  of  persons  being  owners  or  occupiers,  whether  joint  or  sole, 
of  premises  in  the  burgh  other  than  houses,  should  be  abolished, 
substituting  for  this  residential  restriction  a  provision  that  such 
persons,  if  they  do  not  reside  in  the  burgh,  should  occupy  premises 
and  carry  on  a  permanent  business  or  trade  in  the  burgh  either  as 
an  individual  or  as  a  partner  of  a  firm  or  trading  company.  My 
reason  for  this  is  that  great  inequalities,  and  I  may  say  injustice, 
has  arisen  under  the  operation  of  this  seven  mile  residential  clause* 
When  the  Act  of  1832  was  passed  very  few  people  resided  beyond 
the  burgh ;  but  now,  with  the  great  facilities  for  travelling,  many . 
people  carrying  on  permanent  and  fixed  businesses  in  large  towns 
(and  who  have  a  greater  interest  in  such  towns  than  the  floating 
population  who  occupy  the  smaller  class  of  houses)  reside  at  a 
greater  distance  from  such  towns.  And  I  am  of  opinion  that 
the  restriction  to  the  carrying  on  of  business  or  trade  in  the  burgh 
is  all  that  is  required  to  give  persons  residing  beyond  it  a  fixed 
connection  and  interest  in  the  burgh,  as  proposed  under  heading. 
No.  1. 

Just  to  give  an  example  of  the  inequalities  that  have  arisen  in 
connection  with  the  seven  mile  clause:  Several  gentlemen  who 
reside  in  a  certain  part  of  the  town  of  Hamilton,  which  part 
is  within  the  seven  mile  limit,  and  who  carry  on  business  in 
Glasgow,  are  on  the  register  of  voters  for  Glasgow ;  but  several 
other  gentlemen  who  reside  in  the  town  of  Hamilton,  but 
immediately  beyond  the  seven  mile  limit,  and  who  also  carry 
on  business  in  Glasgow,  are  excluded  from  this  register — yet 
these  two  sets  of  gentlemen  have  precisely  the  same  interest 
in  the  burgh,  the  only  difference  being  an  imaginary  boundary 
line. 

(2).  That  the  assessor  under  the  Registmtion  of  Voters'  Act 
shoidd  have  power  to  enrol  lodgers  in  the  same  way  as  he  does 
partners  of  firms  who  are  joint  owners  or  joint  occupiers,  on  being 
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Umi  such  lodgers  have  the  requisite  £10  rental  qtuJi- 


(5).  That  no  person  should  be  enrolled  more  than  onee  as  an 
elector  in  the  register  of  voters  for  the  same  burgh. 

(4).  That  the  existing  clause  in  reference  to  payment  of  poor 
rstes  in  the  Act  of  1868  should  be  made  applicable  to  all  the 
classes  of  electors  under  Nos.  1,  2,  3,  and  4  before-mentioned. 
Were  this  done  a  uniform,  fair,  and  equitable  franchise  would  be 
obtained.  There  is  no  reason,  in  my  opinion,  why  a  person  at 
present  owning  or  occupying  premises  of  £10  rental  and  upwards 
should  have  the  privil^;e  of  being  an  elector  when  he  has  not  paid 
his  rates,  any  more  than  the  person  occupying  premises  under  £10 
of  rental     Both  in  fairness  ought  to  pay. 

(5).  It  further  appears  to  me  that  provision  should  be  made  for 
there  being  only  one  parochial  board,  or  one  set  of  managers  of 
the  poor  in  parliamentary  and  royal  burghs,  as  in  the  case  of 
school  boards, — ^which  latter  boards  are  appointed  for  the  whole 
burgh,  and  have  to  exercise  and  carry  out  equal,  if  not  greater 
duties  than  those  idling  to  be  discharged  by  parochial  boards. 
This  would  secure  uniformity  of  action  in  each  burgh — all  would 
be  equally  rated  for  the  same  purposes — ^the  expense  of  a  separate 
staff  of  officers  for  three  boards  would  be  saved,  as  in  Glasgow,  for 
instance — separate  offices  would  not  be  required,  and  a  deal  of 
unnecessary  expenditure  would  be  saved,  to  be  applied  to  the 
relief  of  the  poor,  whereby  the  taxation  for  that  purpose  would  be 
reduced.  The  police,  the  sanitary  ataS,  cleansing  and  lighting 
of  the  city,  fire  brigade,  &c^  &c — more  important  duties  than 
poor-law  management — are  all  placed  by  statute  under  the  control 
of  one  body  for  the  whole  burgh.  It  may  be  thought  by  some  people 
that  the  area  of  a  burgh  such  as  Glasgow  or  Edinburgh  is  too  large 
for  one  set  of  poor-law  managers.  The  answer  to  this  is,  that  it 
has  not  been  found  so  for  the  equally,  if  not  more,  important  duties 
I  have  referred  to. 

But,  assuming  that  the  objection  had  a  semblance  of  reality,  it 
can  easily  be  obviated  by  the  fixing  of  districts,  appointing  district 
committees  with  certcdn  powers,  and  appointing  a  sub  or  district 
inspector,  or  inspectors— 7 such  committee  to  report  on  special 
matters  to  the  central  board,  and  the  sub-inspector  to  the 
principal  inspector. 

(6).  Certain  inequalities  exist  in  the  present  parliamentary  and 
municipal  firanchise.     For  instance,  a  person  changing  the  nature 
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of  his  qaalifioation  as  a  voter  is  disfranchised  for  twelve  monUiB. 
Such 


1.  A  lodger  ceasing  to  occupy  lodgings  and  becoming  a  tenant 

and  occupant 

2.  A  tenant  and  occupant  becoming  a  lodger. 

3.  An  individual  tenant  and  occupant  becoming  a  joint- 

tenant  and  occupant. 

4.  A  joint-tenant  and  occupant  becoming  an  individual  tenant 

and  occupant. 

5.  An  individual  owner  becoming  a  joint-owner. 

6.  A  joint-owner  becoming  an  individual  owner. 

7.  An  owner  becoming  a  tenant. 

8.  A  tenant  becoming  an  owner. 

These  separate  electors  have  all  the  same  privileges  as  voters 
when  once  enrolled ;  and  if  any  person  has  been  so  enrolled  in  one 
capacity,  it  seems  but  fair  that,  if  the  voter  has  been  in  the  con- 
tinuous ownership  or  occupancy  in  the  one  capacity  or  the  other, 
that  he  should  be  entitled  to  be  enrolled  as  a  voter,  and  that  the 
changing  of  the  character  from  one  capacity  to  another  should  not 
act  9^  a  disqualification  at  alL  Provision  should  be  made  to  do 
away  with  such  inequalities. 


IL — Counties  in  Scotland. 

It  appears  to  me  that  no  good  reason  can  be  adduced  against 
the  franchise  for  all  purposes  being  made  applicable  to  counties  in 
the  same  way  as  to  burghs.  By  the  overflow  of  cities  into  counties, 
and  with  the  advance  made  by  the  inhabitants  of  counties  through 
the  spread  of  education  and  otherwise,  these  inhabitants  are  quite 
as  well  qualified  to  be  electors  as  the  residents  in  parliamentary 
burghs.  For  instance,  the  police  burghs  of  Govanhill,  Govan, 
Partick,  Billhead,  and  Maryhill  in  the  county  of  Lanark,  and  the 
police  burghs  of  Kinning  Park,  Pollokshields,  Pollokshields  East, 
and  Grosshill,  in  the  county  of  Eenfrew,  conteon  the  same  class  of 
people  as  reside  in  Glasgow  ;  but  these  people,  unless  they  occupy 
a  jC14  house,  are  disfranchised,  merely  because  they  may  happen 
to  reside  on  the  other  side  of  a  boundary  line,  which  in  numerous 
instances  is  merely  an  imaginary  one.  In  some  cases,  again,  one 
part  of  a  common  tenement  is  in  the  parliamentaiy  burgh  and 
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the  other  part  is  in  the  county.  That  being  so,  my  opinion  is  that 
the  parliamentary  franchise  for  counties  should  be  precisely  the 
same  as  has  been  suggested  for  parliamentary  buighs,  and  that 
the  register  so  made  up  for  counties  should  be  declared  to  be  also 
the  register  for  the  election  of  commissioners  in  police  buighs, 
the  managers  of  the  poor,  and  the  members  of  school  boards 
within  the  county — the  register  to  be  made  up  in  such  a  way  as  to 
distinguish  the  parishes  and  the  police  areas  from  one  another,  for 
the  purposes  of  voting  in  each  separate  area. 


Suggestions  as  to  Un\formiiy  and  Simplification  of  Rating, 

I. — Parliamentart  Burghs  in  Scotland. 

At  present  the  magistrates  and  town  councils  in  parliamentary 
burghs  are  empowered  to  assess,  levy,  and  collect  the  police  and  the 
various  other  local  rates  requiring  to  be  levied  by  them  under 
numerous  statutes,  within  the  entire  burgh,  all  of  which  are 
included  in  one  assessment  roll,  and  are  assessed  and  notified  in 
one  notice  or  demand-note.  There  are  also  the  parochial  boards  in 
the  burghs,  each  of  whom  make  up,  assess,  levy,  and  collect,  each  by 
separate  staffs,  the  poor  rate,  and  along  with  it  the  school  rate. 
A  great  deal  of  money,  which  is  unnecessarily  expended  for  these 
separate  staffs,  roll  books,  and  assessment  notices,  could  be  saved 
were  all  the  rates  paid  at  one  place,  and  all  the  trouble  of  going  to 
different  places  to  pay  be  avoided,  if  the  power  of  assessing,  levying, 
and  collecting  all  assessments  in  burghs  in  one  notice  or  demand- 
note  were  vested  in  the  magistrates  and  town  council — the  members 
of  which  are  the  true  representatives  of  the  ratepayers.  Provi- 
sion would,  however,  require  to  be  made  for  the  school  board, 
and  the  suggested  one  parochial  board  for  the  burgh,  calling  on 
the  magistrates  and  council  by  requisition  annually  to  assess, 
levy,  and  collect  the  amount  required  by  such  boards,  by  an 
assessment  to  be  included  in  the  suggested  one  assessment  notice 
or  demand-note — such  assessment  to  be  paid  over  to  such  school 
and  parochial  boards  when  collected.  Further  provision  would 
fall  to  be  made  to  the  effect  that  all  assessments  should  be 
levied  on  one  uniform  principle,  and  according  to  the  rental  or 
annual  value  as  appearing  in  the  valuation  roll,  without  any 
deduction  whatever. 


Mb.  Wm.  Oahpbell  on  Amendment  of  Frofnehiaea^  d;c.      33 


II. — Ck)UNTiBS  IN  Scotland. 

Seeing  that  the  commissioners  of  supply  of  coimties  hare  juris- 
diction in  the  entire  counties,  excepting  always  parliamentary 
and  royal  burghs,  and  are  vested  with  the  like  powers  of 
assessment  in  such  counties,  including  police  burghs,  as  the  magis- 
trates and  town  councils  are  vested  with  in  parliamentary  burghs, 
it  appears  to  me  that  no  distinction  should  be  made  as  to  the 
commissioners  of  supply  in  counties,  or  such  other  body  as  the 
l^ialature  may  appoint,  exercising  precisely  the  same  powers  and 
in  the  same  way  in  coimties  as  has  been  suggested  that  the  magis- 
trates and  town  council  should  be  vested  with  in  parliamentary 
burghs,  and  that  the  commissioners  of  supply  or  such  other  one 
body  should  be  so  vested  accordingly — ^the  reasons  existing  for 
the  suggested  change  in  counties  being  the  same  as  in  burghs. 
Were  this  done  there  would-be  only  two  boards  having  charge 
of  assessing  in  a  county,  namely — the  commissioners  of  supply, 
or  such  other  one  body  in  the  county,  as  distinguished  from 
the  parliamentary  and  royal  burghs  therein,  and  the  town 
council  in  the  parliamentary  and  royal  burghs,  which  although 
in  the  counties  are  separate  and  distinct  from  the  counties  for 
all  purposes. 

Were  these  suggestions  caiTied  out  in  a  measure  to  be  passed 
by  the  legislature,  I  am  satisfied,  from  the  careful  consider- 
ation I  have  given  to  the  questions  at  issue,  that  a  great  and 
BAtidactoTj  improvement  would  be  made,  and  a  beneficial 
change  efifected  in  and  for  the  interests  of  the  community  at 
large. 
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IL — On  certain  Seeming  JUlaitone  between  the  Three  Lairger  Planets 
crossing  in  Front  of  the  Sun^s  Marehy  and  the  Phenomena  of 
Sun-spots  and  Terrestrial  Magnetism^  4te.  By  Henbt  Muir- 
HEAD,  M.D^  Gambualaiig,  Yioe-President  of  the  Socie^. 


[Read  December  1st,  1880.] 


In  1875  I  brought  mj  second  paper*  before  this  Society.  It  bore 
the  formidable  title,  *'  On  the  Genesis  of  Atoms,  Worlds,  and  Sun- 
spots."  In  it)  amongst  other  matters,  I  called  attention  to  the 
remarkable  synchronism  observable  between  the  maTima  and 
inininift.  of  sun-spots  on  the  one  hand,  and  certain  relatiye 
positions  of  Jupiter  in  the  solar  system  on  the  other.  I  also 
brought  forward  the  hypothesis  that  probably  sun-spots  are 
occasioned  by  large  masses  of  meteoric  matter  impinging  against 
the  sun's  gaseous  envelopes,  becoming  imbedded  therein,  sailing 
round  the  sun  more  or  less  synchronously  with  his  rotation,  or 
at  least  with  the  rotation  of  his  envelopes ;  and  while  so  sailing 
causing  those  less  lustrous  appearances  called  sun-spots,  in  con- 
sequence of  the  coolness  induced  through  the  rarefisiction  of  the 
meteoric  masses  until  they  are  finally  sublimated. 

It  may  be  objected  to  this  hypothesis  that  such  bodies  impinging 
against  the  sun's  atmosphere  ought  rather  to  occasion  a  brightening 
of  the  solar  radiance,  just  as  the  so-called  staivshower  meteoric 
displays  light  up  our  atmosphere.  Well,  I  imagine  it  to  be  highly 
probable  that  they  do  so  act  in  coming  frictionally  in  contact  with 
the  sun's  surroundings ;  and,  if  the  meteoric  masses  or  swanns  go 
somewhat  directly  and  deeply  into  them,  are  likely  also  the 
occasioning  causes  of  those  jets  of  fiery  liquid  or  vapour  often 
seen  spouting  up  from  the  sun  for  thousands  of  miles.  I  hold 
that  much  of  the  sun's  radiance  is  due  to  the  impingement  on  his 
atmosphere  or  envelopes  of  meteoric  concretions  and  less  tangible 
aggregations,  down  even  to  ether  itsell  In  fact,  there  is  no  other 
known  source  firom  which  solar  radiation  can  arise.  And  the  only 
question  is,  When  did  the  matter  inducing  this  radiance  arrive 
at  the  suni  Did  it  all  get  there  millions  or  billions  of  ages  ago) 
Or  shall  we  carry  the  doctrine  of  Uniformitariamsm  to  the  sun 
and  whole  solar  system,  as  I  did  for  the  universe  in  the  paper 


*  Vol.  X.,  page  51. 
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named  above  1  *  (though  the  Council  had  the  said  portion  of  it 
compressed  into  an  abstract  at  the  end).  Shall  we  say  that  to  the 
sun  and  other  orbs  of  the  solar  system  materials  are  arriving  now, 
just  as  they  have  been  in  the  habit  of  doing  for  millions  and 
millions  of  years  ?  I  have  long  held  this  opinion ;  holding  that 
there  still  rains  a  continuous  star-shower  on  the  sun's  surroundings, 
and  the  blaze  of  that  showering  radiating  from  the  sun  begets 
light  and  life  in  the  orbs  circulating  round  him. 

We  know  that  when  large  meteoric  masses  come  in  contact  with 
our  atmosphere  they  get  luminous  through  friction ;  and  if  they 
do  not  emerge  again  into  interplanetary  space  they  fall  to  the 
ground  as  aerolites — some  of  them  many  tons  in  weight.  Now, 
though  the  larger  masses  sometimes  fall  to  the  ground  in  our 
world,  it  does  not  altogether  follow  that  they  do  so  at  the  sun. 
The  solar  gaseous  envelopes  must  be  far  deeper  and  far  denser 
than  ours  are.  ^rolites  that  come  in  contact  with  them  will 
seldom  (relatively)  strike  quite  perpendicularly  towards  the  sun's 
centre.  Many  of  them,  therefore,  after  penetrating  some  hundreds 
of  miles  into  his  surroundings,  will  arrive  at  strata  approximately 
corresponding  to  their  own  retarded  flight,  and  course  round  with 
the  rotating  strata  in  which  they  have  thus  got  imbedded — voyaging, 
it  may  be,  for  weeks  or  months  before  being  finally  vapourised  by 
the  hot  materials  around  them.  And  they  must,  all  the  while,  be 
causing  in  their  localities  much  commotion  and  diminished  radiance, 
such  as  might  happen  on  a  small  scale  when  green  faggots  are  cast 
into  a  charcoal  fire,  or  a  huge  iceberg  is  precipitated  into  a  sea  of 
molten  cast-iron  or  white-hot  liquid  lava,  ^rolites,  just  before 
entering  our  atmosphere,  must  have  a  temperature  likely  some  hun- 
dreds of  degrees  colder  than  our  ice.  One  pretty  strong  argument  in 
support  of  the  meteoric  origin  of  sun-spots  is  the  length  of  time 
they  endure,  extending  often  over  weeks,  and  sometimes  even 
nionth&  In  1799  a  spot  was  visible  again  and  again  for  half  a 
year ;  and  Schwabe  saw  a  spot  pass  eighteen  times  across  the  sun's 
disc — a  fact  indicating  a  residence  there  of  more  than  fifteen  months. 
Surely  it  cannot  be  some  mere  gaseous  disturbance,  analagous  to  our 
cyclones,  that  can  endure  month  after  month  in  this  feishion. 

Coming  to  the  conclusion,  then,  of  the  possibility,  nay,  the 
probability  of  such  an  origin  for  sun-spots,  let  us  next  turn  our 
attention  to  the  well-known  periodicity  observable  in  the  waxing 

*  See  vol.  X.,  pages  61  and  115. 
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and  waning  of  these  solar  phenomena — a  periodicity  first  demon- 
strated by  Hofrath  Schwabe  of  Dessau.  In  my  paper  of  1875 
I  brought  before  you  the  notion  that  it  is  the  varying  positions 
of  the  planet  Jupiter,  relatively  to  the  sun,  which  mainly  gives 
rise  to  the  changes  in  the  numbers  of  the  sun-spots — changes 
which  recur  again  and  again  with  remarkable  regularity.  Some 
of  you  may  remember  that  I  tlien  called  attention  to  the  direction 
of  the  sun's  proper  motion  in  space — it  may  be  in  his  orbit — 
towards  a  point  in  the  constellation  Hercules  —  a  translatory 
movement  of  nearly  150  millions  of  miles  in  a  year.  And  as  he 
thus  voyages  into  long  unvisited  space — unvisited  for  millions  of 
years — ^he  will  naturally  sweep  up  the  accumulated  dust  of  ages, 
the  stores  of  meteoric  matter  which  has  either  accreted  in  or 
migrated  to  this  vast  waste  of  sunless,  lifeless  space.  The  planets 
circle  round  the  sun  in  a  plane  approximately  about  from  50°  to 
60°  of  angular  distance  from  the  path  of  his  onward  march,  and 
will  each  in  each  revolution  round  him  cross  nearest  it,  somewhat 
in  front  of  him,  towaixls  one  definitely  directive  point — a  point 
termed  "  the  apex  of  the  solar  way.'*  This  the  closest  scrutiny 
of  careful  astronomical  observations  has  determined  to  be 
about  263f  of  heliocentric  longitude  and  60'  N.  P.  D.* 
I  assume  that  each  planet  as  it  [)asses  near  this  longitude  will 
tend  to  intercept  some  of  the  in-drifting  meteoroids  which  would 
otherwise  pass  on  to  meet  the  sun  as  he  comes  bowling  along. 
The  amount  of  intercepting  influence  will,  other  things  equal, 
depend  on  the  planet's  mass  and  distance  from  the  sun.  Jupiter's 
mass  is  more  than  double  that  of  all  the  other  planets  taken 
together.  Besides,  it  will  be  an  occurrence  of  exceeding  rarity 
that  all  of  these  planets  will  be  at  R.  A.  263f ""  at  one  time,  or 
rather,  I  should  say,  at  such  a  time  for  each,  that  a  meteoric  host 
starting  from  Neptune  at  this  longitude  would  find  the  other 
planets  successively  at  the  same  longitude.  For  comets  starting 
from  Neptune's  orbit  take  six  times  as  long  to  i*each  the  sun  as 
those  travelling  from  Saturn's,  and  more  than  a  dozen  times  as 
long  as  those  from  Jupiter's  distance.  It  appeal's,  then,  that 
Jupiter  falls  to  be  the  planet  which  we  may  i*easonably  assume  to 
have  by  far  and  away  the  most  pi*eponderating  influence  in  this 
respect.  Of  course,  as  said,  meteoroids  must  require  some  amount 
of  time  to  journey  from  Jupiter's  orbit  to  the  sun,  and  therefore 


♦  Observations  vary  from  R,  A.  246**  to  266"  and  N.  P.  D.  45**  to  66^ 
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tbe  effect  of  Jovian  intercepting  influence — if  such  there  be — 
must  take  place  some  time  after  Jupiter  has  been  at  R.  A.  263f ^ 
to  accord  with  the  hypothesis.  Looking  at  the  table  and  diagrams 
given  below,*  it  appears  very  evident  that  the  average  sun-spot 
minimum  occurs  from  two  to  three  years  after  Jupiter  has  been  at 
the  longitude  named.  As  comets  are  composed  of  meteoric  matter, 
let  us  judge  from  their  rate  of  travelling  as  to  the  rate  of  travelling 
of  invisible  meteoric  matter.  Now,  comets  whose  aphelia  are  about 
as  distant  from  the  sun  as  Jupiter's  orbit  is,  have  periods  of  from 
five  to  six  years,  and  will,  of  course,  consume  half  that  time  in 
journeying  sxmwards;  corresponding  thus  exactly  in  time  with  the 
time  that  tbe  sun-spot  minimum  occurs  after  Jupiter  has  been  at 
the  critical  point  Observe,  further,  that  each  maximum  sun-spot 
period  comes  also  just  six  years  after  each  minimum — that  is, 
precisely  at  the  period  when,  according  to  the  hypothesis,  Jupiter's 
intercepting  influence  should  show  least  efiective,  his  period  of 
revolution  being  11*863  years,  or  twelve  years  all  but  fifty  days. 
I  may  here  quote  from  a  short  abstract  I  read  before  the  British 
Association  at  Swansea  : — 

''  It  is  well  known  to  all  who  take  an  interest  in  the  phenomena 
of  sun-spots  that  men  of  science  are  far  from  being  agreed  as  to  the 
length  of  the  sun-spot  period.  I  should  think,  however,  that  those 
who  wish  to  prove  that  our  rain,  our  heat,  our  storms,  terrestrial 
magnetism,  harvests  of  grain  and  vintage,  with  commercial  crises, 
«&c.,  depend  a  good  deal  on  how  much  the  sun  gets  his  face  be- 
smirched, should  first  of  all  make  sure  of  the  real  length  of  the  siui- 
spot  period.  To  help  towards  its  fixation,  I  bring  under  notice  the 
following  table,  arranged  from  Wolf's  latest  corrected  relative  sun- 
spot  numbers,  from  the  year  1770  till  1877,  with  accompanying 
diagrama  The  numbers  are  arranged  so  as  to  correspond  with 
Jupiter's  period  of  11*863  years.  Each  vertical  column  (save  one) 
commences  with  the  year  in  which  Jupiter's  heliocentric  longitude 

is  263^*.     The  last  column  is  the  summation The 

table  and  tracingst  show,  I  think,  that  the  sun-spot  period  is  neither 
10  years  nor  11  years,  nor  yet  11*1 — ^as  assumed  by  many — ^but 
seemingly  11*863  year&     It  is  to  this  conclusion  that  I  wish  to 


*In  Plate  IV.  the  spots  near  the  minimum  occurring  after  1794  are 
placed  a  little  too  low. 

t  Plate  IV.  iodicates  graphically  the  numbers  of  spots  for  individoal 
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call  the  attention  of  mflteorologiste  and  others  who  wUh  to  il 
correspondence  between  their  various  periodicities  and  thoeo  Ol 
epota."  This  I  now  do,  quite  irrespective  of  any  hypotheda 
the  phjaical  canse  of  Bun-spot  phenomena  : — 
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A  critic,  looking  closely  into  the  numbers  as  arranged  i 
t«ble,  may  naturally  start  the  obvious  objection  tliat,  althouj 
anmmatioDB  oome  out  pretty  decidedly  in  my  favour,  yet, 
ire  take  individual  years  and  compare  them  with  some  other 
sponding  individual  years,  startling  dlscrejiancies  disclose  tberos 
For  example,  choosing  the  sixth  horizontal  line  of  the  seria 
taking  the  two  years  nearest  the  sides,  we  get  130  and  10 
highest  number  and  nearly  the  next  highest  number  of  sun 
of  the  whole  107  yeaiv  ;  whereas  in  the  same  horizontul  line 
the  middle,  we  find  1  and  1 — that  is,  something  next  door  tc 
To  this  difficulty  I  can  only  reply,  that  it  would  be  unreasona 
suppose  that  matter  is  uniformly  distributed  througbont  i 
either  as  meteoroids  or  larger  agglomerations.  The  fact  ia 
obviously  the  reverse,  as  suns,  planets,  comets,  and  meteoric  sv 
abundantly  prova  It  is  therefore  iinressonable  to  look  for 
viatang  regularity  among  sun-spots  when  merely  disturbed  by  J 
[PtotelV.  lof«cell> 
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interferencea''^  It  is  only  by  securing  a  series  of  years,  extending 
over  at  least  a  century,  and  carefully  taking  the  averages,  that  we 
can  hope  to  eliminate  non-cyclical  irregularities,  and  set  forth  the 
more  persistent  periodicities,  tracing  them,  it  may  be,  to  their 
source  or  sources. 

Having,  however,  I  hope,  established  a  pretty  strong  case  against 
Jupiter,  to  the  efifect  that  at  a  certain  specified  point  in  his  orbit 
he  is  in  the  habit  of  abstracting,  for  his  own  behoof^  packages  of 
fuel  that  are  being  conveyed  to  the  sun,  let  us  inquire  if  there 
be  on  record  any  evidence  of  goods  similar  to  those  amissing 
being  discovered  in  the  possession  of  the  giant  planet  before 
he  disposes  of  them,  either  by  conflagration  or  concealment 
under  the  dense  mists  surrounding  his  dwelling.  On  this  point 
there  can  be  little  dubiety.  Ever  and  anon  large  masses  or 
spots,  half-hidden  in  his  mists,  have  been  detected — ^for  instance, 
by  Cassini,  Shroter,  Maidler,  Lord  Rosse,  Holden,  Airy,  &c 
In  fact)  some  were  visible  when  I  wrote  these  lines  (in  Septem- 
ber), pn  Nature  (November  11)  J.  R.  Capron  writes : — "Below 
the  red  equatorial  belt  is  a  row  of  four  or  five  small,  irregularly- 
shaped  spots,  nearly  black  in  tint,  resembling  sun-spots  seen 
under  a  low  power."] 

But  it  may  be  cavilled  that,  granting  the  hypothesis  that  the 
paucity  of  sun-spots  at  the  minima  is  mainly  due  to  Jupiter's 
intercepting  influence,  then  Saturn — a  planet  of  very  considerable 
size — ought  to  have  appreciable  eflect  of  a  similar  character.  The 
fact  is,  however,  that  on  attempting  to  construct  for  Saturn's 
effects  a  diagram  and  table  similar  to  those  given  for  Jupiter,  no 
regularly  recurrent  influence  could  be  traced. 

To  the  forgoing  objection  I  make  answer  :  It  is  quite  certain 
that  the  influence  of  the  sun  on  cometic  matter  extends  far  beyond 
the  orbit  of  Neptune,  even  to  the  distance  reached  by  the  farthest 
recurrent  comet.  Meteoric  matter  is  continually  travelling  towards 
the  sun  from  all  points  of  the  compass.  In  doing  so,  the  particles 
and  larger  masses,  by  converging  towards  each  other  as  they 
approach  the  centre  where  he  is,  will  therefore  come  to  be  more 

*  And  this  non-uniformity  may  be  applied  to  account  for  torrid  and  glacial 
ages.  When  the  solar  system  passes  through  a  region  densely  swarming 
with  meteoroids  we  get  what  may  induce  a  hot  epoch.  When  there  occurs 
a  long  protracted  minimum,  a  glacial  age  may  hold  reign.  Nay,  we  can 
imagine  some  most  tremendous  star-shower  to  be  the  occasioning  cause  of  a 
■o-odled  world  on  fire.    At  times  ours  may  almost  look  so  from  the  moon. 
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and  more  densely  crowded  in  space  the  nearer  they  get  to  him,  so 
that  each  cubic  league  of  space,  say,  at  five  hundred  million  of 
miles  from  the  sun,  will  contain  much  more  meteoric  matter  thaa 
each  cubic  leskgue  at  double  that  distance  from  him.  For  instance, 
assuming  the  decrease  in  density  of  material  to  be  approximate  to 
the  square  of  the  distance,  and  directly  as  the  mass,  then,  since 
Saturn  is  nearly  twice  as  distant  from  the  sun  as  Jupiter,  and 
having  only  three-tenths  of  his  mass,  he  would  have,  therefore, 
only  about  one-twelfth  the  influence  on  the  mass  of  in-drifting 
meteoroids.  But,  on  the  other  hand,  the  sun's  double  distance  and 
proper  motion,  not  to  mention  any  initial  motion  of  the  meteoroids 
themselves,  would  tend  to  equalize  the  foregoing  disparity  to  a 
considerable  degree.  So  that  in  truth  the  objection  is  not  hereby 
fully  met  The  table  given  by  R.  A-  Proctor  (article  "  Comet,** 
Dictionary  of  Science),  on  the  number  and  density  of  cometio 
perihelia  relative  to  their  distance  from  the  sun,  bears  somewhat 
on  this  point. 

In  consequence  of  my  answer  to  the  objection  last  stated,  another 
may  be  brought  forward,  viz. :  If  meteoroids  travel  towards  the 
sun  from  all  points  of  the  compass,  then  Jupiter  will  encounter 
and  intercept  them  in  every  part  of  his  orbit.  I  admit  this,  but 
beg  to  point  out  that  when  the  sun  is  pressing  on  ahead  of  Jupiter 
at  the  rate  of  150,000,000  miles  a  year,  and,  therefore,  collecting 
the  great  majority  of  meteoroids — ^which,  of  course,  gravitate  to- 
wards him,  just  as  winter,  corks,  and  other  floating  bodies  gravitate 
towards  the  paddles  of  an  advancing  steamer — then,  at  that  pointy 
£Etr  fewer  will  be  left  for  Jupiter  to  pick  up  as  he  comes  sailing  on 
behind. 

Ere  leaving  this  subject  I  may  notice  that  the  published  results 
of  ''The  Photographic  Observations  made  at  the  Hoyal  Obser- 
vatory, Greenwich,  for  1878-79,"  shpw  "that  there  was  a  com- 
plete absence  of  sun-spots  from  November,  1878,  till  April,  1879,* 
and  a  rapid  increase  in  the  number  of  spots  and  faculse  during  the 
last  quarter  of  1879,  accompanied  (in  accordance  with  what  had 
been  previously  remarked)  by  an  increase  in  the  mean  distance 
from  the  sun's  equator  in  both  hemispheres" — that  is  to  say,  that 


*  In  my  paper  of  1875,  I  said :  "  On  my  hypothesia  we  may  expect  the 
decrement  of  the  sun-spots  to  go  on  till  some  two  years  after  Japiter's  pass- 
ing nearest  the  sun's  future  path  in  April,  1877. " — Proceed,  Phil.  Soe,  cf 
OUugoWf  vol  X.,  page  55. 
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according  as  the  spots  tend  to  increase  in  number,  they  at  the 
same  time  tend  to  disappear  from  the  neighbourhood  of  the  solar 
equator.  Beflecting  on  this  synchronism,  one  may  draw  the  con- 
clusion that  it  is  not  a  yeiy  improbable  supposition  that  this 
disappearance  from  the  equator  may  be  accounted  for  by  assuming 
that  there  takes  place  at  the  same  time  an  increase  in  the  volume 
and  density  of  the  zodiacal  light  It  is  now  pretty  generally 
acknowledged  that  the  latter  phenomenon  is  occasioned  by  ''an 
immense  cloud  or  zone  of  meteoroids  filling  up  the  space  between 
the  sun  and  the  earth."  And,  granting  my  interception  hypothesis, 
it  will  naturally  happen  that  when  Jupiter  departs  from  maximum 
interception  of  meteoroids  gravitating  towards  the  sun,  more  will 
be  permitted  to  arrive  and  form  a  denser  cloud  or  screen  in  the 
sun's  equatorial  regions,  and  so  tend  to  prevent  our  observing 
sun-spot  phenomena  in  low  solar  latitude& 

As  the  late  considerable  display  of  sun-spots  in  the  second  week 
of  August  was  accompanied  by  two  fine  nights  of  auroras  here, 
and  much  more  in  Canada,  with  also  great  magnetic  disturbance 
over  the  whole  globe,  it  does  not  seem  to  me  an  improbable 
supposition  that  great  sun-spot  outbursts  (such  as  Secchi  figures) 
projectLog,  through  magnetic  disturbance,  the  zodiacal-light  material 
against  our  atmosphere  may  occasion  the  lighting  up  of  aurorse, 
which  latter  rarely  appear  except  during  magnetic  storms.  The 
increase  and  diminution  in  the  number  of  aurorse  synchronously 
with  the  increase  and  diminution  in  the  number  of  sun-spots,  as 
demonstrated  by  Loomis,  point  also  towards  this  conclusion. 

In'  connection  with  the  foregoing,  I  here  give  an  interesting 
extract  from  a  letter  written  by  Cassini  in  the  17th  century: — " It 
is  a  remarkable  circumstance  that  since  the  end  of  the  year  1688, 
when  this  light  began  to  grow  fainter,  spots  should  have  no  longer 
appeared  in  the  sun,  while  in  the  preceding  years  they  were  very 
frequent,  which  seems  to  support,  in  a  manner,  the  conjecture  that 
the  light  may  arise  from  the  same  emanations  as  the  spots  and 
faculsB  of  the  sun.''  Not  only  is  this  interesting  as  an  early  case 
of  suspected  synchronism  between  the  sim-spots  and  zodiacal  light, 
but  further,  it  testifies  to  a  sun-spot  minimum  occuning  in  1689, 
and  I  find  that  Jupiter  was  at  R.  A  263f  "^  in  the  first  week  of 
July,  1687:  a  remarkable  proof  in  favour  of  my  cycle. 

The  relative  arrangement  displayed  by  cometic  perihelia  may  be 
worth  bringing  before  the  notice  of  astronomers.  I  have,  therefore, 
taken  the  two  groups  A  and  B  given  by  Mr.  Hind  in  the  article 
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«  Comet"  in  the  Encyclopcedia  Britannica,  and  grouped  in  d 
their  perihelion  points  according  to  their  heliocentric  longit 
By  this  arrangement  I  find  that  they  largely  affect  the  quad 
which  the  sun's  line  of  flight  bisects.  Further,  I  have  seal 
through  the  last  half-dozen  volumes  of  Nature,  and  discoi 
thirteen  other  comets  whose  perihelia  are  also  given  below, 
find  these  arranged,  if  anything,  even  more  decidedly  in  proxi 
to  the  sun's  path. 


Geoup  a. 

1.  Enke's, 

2.  Blanpain*8, 

3.  Borckhardt's,    • 

4.  Tempers  2Dd  of  1873, 

5.  De  Vice's  of  1844,     - 

6.  Brorsen's  3rd  of  1846, 

7.  Wiimecke'Si 

8.  Pigott's,    - 

9.  Tempel's  2nd  of  1867, 

10.  Biela's,       • 

11.  D'Arrest's, 

12.  Faye's, 

13.  Peter's,      - 

14.  Tattle's,     - 


HIND'S  GROUPS. 

j  Group  B, 

158^-21'    1.  Comet  1  of  186C, 
67*'-18'    2.  Stephan's,  - 


25ri3' 
306°-9' 
342' -30' 
lie'^' 
276" -37' 

50'ir 
236" -9' 
109" -9' 
319" -9' 

50" -3' 
240" -7' 
116" -4' 


3.  Westphal's, 

4.  Pon's, 

5.  De  Vice's,  - 

6.  Giber's, 

7.  Bropsen's  of  1847, 

8.  Bailey's,     - 


6 
7 
4 
9 
9 

14 
7 

30 


GROUP  FROM  "NATURE." 


1.  Comet  4  of  1873, 

2.  Swift's, 

3.  Tapman's  Meteor, 

4.  Hartwig'sof  1880((/), 

5.  Sohaberle's, 

6.  Great  of  1577,     - 

7.  3rd  of  1769, 


36"-48' 

42"-69' 

70" 

83" 

100" -44' 
129"12' 
138" -38' 


8.  Palisa's,    -        •        •  20 

9.  1st  of  1699,  21 

10.  3rd  of  1822,       -  22 

11.  D' Arrest's  2nd  of  1852,  25 

12.  Gieat  of  1880,   -  28 

13.  Hartwig's  of  1879,     -  30 


I  have  arranged  the  cometic  perihelia  in  the  diagram  in  i 
circles  to  obviate  overcrowding,  Plate  Y.  indicating  then 
their  Nos.,  1,  2,  3,  &c.  Those  got  from  Nature  are  p] 
in  the  outermost  circuit,  Hind's  group  A  next,  and  his  groi 
innermost.  It  requires  but  a  short  examination  of  the  dia^ 
to  observe  that  it  discloses  a  remarkable  symmetry,  and  at 
same  time  an  equally  remarkable  non-uniformity  in  the  am 
ment  of  the  cometic  perihelia,  in  reference  to  the  path  of  the  f 
marchu  The  want  of  uniformity  reveals  itself  in  the  paucil 
perihelia  taking  efifect  approximately  at  right  angles  to  the  i 

[Plate  V«  to  facethli 
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line  of  flight  Whereas,  if  we  divide  the  whole  circuit  by  the  sun's 
path  (and  leave  out  Tupman's  meteor),  we  have  seventeen  in  each 
hemisphere — ^in  the  hinder  quadrants  ten  each,  in  the  fore  quad- 
rants seven  each.  With,  then,  so  much  symmetry,  one  is  naturally 
led  to  speculate  as  to  the  cause  of  the  paucity  of  points  in  what 
may  be  termed  the  flank  quadrants.  I  respectfully  submit  the  follow- 
ing suggestions : — Many  comets  wandering  in  space  and  then  falling 
to  gravitate  towards  the  sun,  ought,  in  the  course  of  numerous  revo- 
lutions round  him,  to  be  so  acted  on  by  the  diflerential  influence  of 
the  larger  supply  of  meteorids  drifting  in  a  direction  relatively 
against  the  sun's  march,  compared  with  those  pursuing  a  reverse 
course  (as  in  pacing  crowded  thoroughfares  more  people  meet  us 
than  overtake  us),  that  these  comets  towards  their  aphelia  must  be 
forced  gradually  to  drop  moreandmore  behind  the  sun,  and,  therefore, 
to  get  gradually  more  in  front  of  him  at  perihelia.  On  the  other 
hand,  comets  which  come  to  meet  the  sun  nearly  face  to  fetce  will 
(less  those  that  fall  into  him),  throu^  the  continuous  advance  of 
the  sun  towards  their  aphelia,  get  the  eccentricities  of  their  orbits 
gradually  lessened,  and  may  by  and  by  become  such  bodies  as  the 
planetoids  which  circulate  between  Mars  and  Jupiter,  and  likely 
a  number  more  between  each  pair  of  the  larger  planets;  while  the 
Moons  and  Saturn's  rings  probably  came  from  the  same  source. 
Whereas,  comets  which  at  present  have  their  perihelia  more 
directly  behind  the  sun,  likely  have  come  to  meet  and  course 
round  him  immeasurably  long  after  the  advent  of  the  progenitors 
of  the  planetoids,  and  so  have  not  yet  got  the  eccentricities  of 
their  orbits  very  much  reduced. 

I  may  take  this  opportunity  of  saying  a  few  words  supplemen- 
tary and  emendatory  of  the  remarks  on  Terrestrial  Magnetism 
given  in  VoL  X.,  pp.  115-118,  of  our  Proceedings,  Taking  for 
my  authority  the  tables  given  in  Guthrie's  Magnetism  and  Elec- 
tricity, pp.  329-330, 1  pointed  out  that  for  London*  the  declination 


*  "In  the  year  1818  at  London,  and  generally  contemporaneooa  with 
that  epoch  thronghont  Europe  and  Nortb  Africa,  the  westerly  progress  of 
the  north  end  of  the  needle  ceased,  and  an  easterly  movement  commenced, 
and  continues  to  the  present  time.  But  in  the  South  Atlantic  this  period 
of  westerly  movement  has  never  ceased." — Lecture  on  the  Magnetism  of  the 
Earth  (page  28),  by  Captain  F.  J.  Evans,  C.B.,  F.R.S.  It  is  to  the  Records 
at  London  bearing  on  this  North  Atlanto-European  region  that  I  confine 
my  attention — Data  soffidently  extensive  and  correct  not  being  obtain- 
able in  reference  to  any  other  region  of  our  globe. 
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of  the  compass  needle  was  0  in  1657 — i,e,,  pointed  dead  north — and 
that  it  reached  its  western  maximum  (24''  38')  in  1818.  As  Jupi- 
ter reached  R.  A.  263|''  about  the  beginning  of  that  year,  if  the 
western  mayimnm  did  the  same  then  the  period  would  be  little 
more  than  160  years.  K,  again,  we  suppose  the  declination  to 
get  back  to  0  in  another  160  years,  the  two  will  make  320^,  being 
half  of  a  complete  cycle  of  640^  years  for  terrestrial  magnetism  to 
complete  the  entire  drcuit.  That  is  on  the  supposition  that  there 
will  be  a  like  declination  on  the  east  side  in  a  like  period — say 
eastern  maximum  1497,  0  16^7,  western  maximum  1818,  0  1978, 
eastern  maximum  2138 — in  all,  640 j^  years.  And  in  640^  years 
after  1818 — ^in  May  2458— Jupiter  and  Saturn*  will  both  be 
about  2°  from  R  A  263|''.  Well,  as  I  have  said,  at  the  beginning 
of  1818  Jupiter's  heL  long,  was  263f%  and  I  find  that  27  of 
Jupiter's  periods  amount  to  320^  years,  so  therefore,  on  the  above 
supposition,  at  every  occurrence  of  the  eastern  maximum,  and  of 
the  western  also,  Jupiter's  hel.  long,  will  be  263f  *,  corresponding 
to  the  path  indicated  by  the  sun's  proper  motion  in  space.  It 
appears  further  worthy  of  remark  that  in  1818  Neptune,  our  third 
largest  planet,  was  also  at  R.  A  263f  **.  Nay,  more,  Neptune  was 
within  a  few  degrees  of  the  sun's  path  in  1657,  the  year  of  zero, 
and  will  be  so  again  in  1978,  the  next  epoch  of  zero  declination. 

So  much  for  the  combination  of  these  planets  in  seeming 
synchronous  connection  with  the  horizontal  magnetic  variations 
of  the  compass  needle  and  the  sun's  orbit  or  path  in  space.  Let 
lis  next  look  at  the  apparently  combined  influence  of  Jupiter 
and  Saturn  in  reference  to  the  inclination  or  dip  of  the  magnetic 
needle  and  the  said  path.  The  maximum  dip  was  registered  at 
London  in  the  year  1723,t  and  in  that  year,  about  the  middle  of 
January,  the  hel.  long,  of  both  Jupiter  and  Saturn  was  263J'. 
This,  viewed  in  connection  with  the  facts  given  above,  is  surely  a 
noteworthy  coincidence  in  regard  to  the  two  planets,  whose  com- 
bined mass  is  nearly  a  dozen  times  more  than  that  of  all  the  other 
planets  added  together.  Now,  I  find  that  if  we  take  33  of  Saturn's 
periods  they  amount  to  972  years,  and  that  82  of  Jupiter's  do  the 

*  In  1818  Saturn  was  at  his  western  maximum  distance  from  the  son's 
path. 

t  If  we  add  95  ye<ars  to  1723,  the  year  of  maximum  dip,  it  brings  us  to 
1818,  the  year  of  maximum  westerly  declination,  and  95  years  just  equal 
eight  of  Jupiter's  periods — thus  showing  a  Jovian  link  between  the  pheno- 
mena of  the  dip  and  the  declination. 
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same.  If,  then,  to  the  year  1723  (when  Jupiter  and  Saturn  were 
at  R.  A.  2631*")  we  add  972^  it  brings  us  to  the  year  2695,  and  in 
August  2695,  Jupiter  and  Saturn  will  again  be  within  5''  of  H.  A. 
263}.  Has  this  period  anything  to  do  with  the  Satumo-Jovian 
period  of  inequality  that  has  given  astronomers  so  much  trouble  f 
Be  that  as  it  may,  I  trust  I  may  be  excused  for  taking  up  your 
time  in  pointing  out  these  remarkable  coincidences  between  cycles 
of  sun-spots,  magnetic  declination  and  inclination  on  the  one  hand, 
and  on  the  other  the  connection  between  the  sun's  path  and  the 
three  larger  planets,  the  combined  mass  of  which  exceeds  that  of 
all  the  other  planets  more  than  two  dozen  times. 

To  those  who  may  be  disposed  to  pooh-pooh  as  absurd  the  notion 
that  the  mere  passage  of  planets  across  the  sun's  line  of  march 
(ahead  of  him)  is  likely  to  be  attended  with  change  in  the  earth's 
magnetism,  I  beg  to  reply :  We  are  quite  certain  that  the  sun 
influences  the  magnetism  of  our  globe — our  globe  which  gravitates 
towards  himu  It  is  surely,  then,  not  unreasonable  to  suppose  that 
the  body  or  bodies  towards  which  the  sun  gravitates  will  in  like 
manner  influence  the  sun's  magnetism.  This  being  granted,  it 
seems  fui*ther  not  very  unreasonable  to  imagine  that  Jupiter, 
assisted  by  another  large  planet,  cutting  across  the  "  line  of  force 
of  magnetism,"  may  disturb  to  some  extent  the  solar  magnetism, 
and  consequently  affect  also  terrestrial  magnetism.  If  they  really 
do  so,  it  is  somewhat  likely  that  the  sun  is  moving  in  an  orbit 
round  a  primary,  and  that  his  orbit  is  eccentric  like  that  of  a 
comet,  not  circular  like  that  of  a  planet :  since  the  line  of  force 
of  magnetism  seems  approximate  to  the  sun's  line  of  flight. 

Nay,  looking  on  the  sun  as  an  enormous  comet  composed  of 
vast  swarm  of  worlds  instead  of  one  single  globe,  we  would  be 
enabled  to  explain  why  the  sun's  density  is  what  it  is;  and  to  give 
reasons  for  the  twenty-six  days'  terrestrial-magnetic  and  barometric 
cycles;  while  the  continuous  friction  among  the  many  masses 
'vrould  enable  us  to  account  for  much  of  the  solar  light,  heat,  d^., 
as  well  as  for  some  of  the  perturbations  we  perceive,  and  so  furnish 
a  text  for  another  discourse  on  the  Uniformitarianism  of  the 
universe.  Jupiter's  density  and .  disturbed  appearances  may  find 
considerable  explanation  on  the  same  hypothesis. 

A  word  may  be  added  to  those  who,  like  myself,  are  not  astro- 
nomers, and  before  whose  mind  these  subjects  come  for  the  first 
time.  They  may  naturally  ask,  Why  is  it  that  the  epoch  in 
terrestrial  magnetism  seems  to  occur  when  the  planets  are  in  the 
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neighbourhood  of  R  A.  263|°,  while  the  minima  of  sun-spots 
take  place  two  and  a-half  years  after  Jupiter  has  been  there  %  A 
moment's  reflection  may  suffice  to  show  that  since  the  electric 
current  travels  somewhat  as  fleetly  as  light,  and  light  travels  from 
Jupiter  to  the  sun  in  something  less  than  an  hour,  whereas  oomets 
take  two  and  a-half  years;  therefore  it  happens  that  while  sun-spot 
minima  are  delayed  two  and  a-half  years  after  Jupiter's  maximnm 
interceptions,  a  vast  meteoroidal  swarm  plunging  into  the  sun's 
atmosphere,  and  stirring  up  astounding  convulsions  there,  will  be 
followed  in  a  few  minutes  by  thrills  of  terrestrial  magnetism  in 
sympathy  with  the  solar  commotion. 

Once  more,  they  may  ask,  If,  as  you  allege,  these  meteoroids 
fall  by  millions  into  the  sun,  and  have  done  so  for  millions  and 
millions  of  years,  where  does  all  this  everlasting  supply  of  material 
come  from)  And  will  it  continue  to  come  for  ever?  These 
queries  cannot  well  be  replied  to  here,  but  a  hint  of  my  views  may 
be  obtained  from  my  compressed  abstract  referred  to  above.  See 
Vol.  X.,  p.  62,  of  our  Proceedings, 

[Previous  to  these  pages  being  in  print,  I  was  under  the  im- 
pression that  Mr.  Waterston  was  the  first  to  formulate  the  idea  of 
the  meteoric  origin  of  solar  radiance  (as  noted  in  my  paper  of 
1875)  ;  I  now  find  that  priority  is  due  in  this  respect  to  the  late 
Dr.  Robert  Mayer  of  Heilbronn.  See  Dr.  Tyndall's  HecU  a 
Mode  of  Motion^  sixth  edition,  page  520.] 


III. — The  Chemistry  of  Sewage  Precipitation, 
By  Dr.  William  Wallace. 


[Read  at  the  Meeting  of  the  Chemical  Section,  December  6th,  1880.] 


The  subject  which  I  purpose  to  bring  before  you  to-night  is  one 
to  which,  for  seveml  years,  I  have  devoted  much  attention, 
and  I  have  thought  that  it  might  not  be  uninteresting  to  the 
members  of  the  Section  to  have  it  introduced  to  their  notice. 
Although  it  is  with  precipitation  of  sewage  that  we  have  to  do, 
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yet  I  tamst  you  will  bear  with  me  if  I  digress  at  times  into  collat- 
eral branches  of  the  subject. 

There  are  three  distinct  products  of  the  animal  body : — First, 
there  is  the  gaseous,  consisting  chiefly  of  carbonic  acid  gas  and 
watery  vapour,  resulting  from  the  oxidation  of  the  respiratory 
food — fat,  sugar,  starch,  and  so  on — and  this  may  be  called  the 
gaseous  refuse  or  sewage  of  the  body ;  second,  there  is  the  liquid 
excrement  or  urine,  and  this  consists  essentially  of  water  holding 
in  solution  the  partially-oxidized  products  of  the  waste  tissues  of 
ihe  body;  lastly,  there  is  the  solid  excrement,  consisting  of  that 
portion  of  our  food  which  has  escaped  digestion,  but  altered  to  some 
extent  by  the  functions  of  the  body.  It  is  with  the  two  latter 
alone  that  we  are  concerned.  They  form  the  most  important  and 
essential  portion  of  sewage.  But  there  are  other  sources  of  pollu- 
tion— that  is,  putrescible  matter — besides  the  animal  products. 
These  consist  of  such  things  as  the  water  poured  off  from  boiled 
v^etables  and  meat,  the  washings  of  dishes  and  kitchen  utensils, 
the  water  used  in  washing  our  own  bodies  and  in  washing  clothes, 
the  surface  drainage  of  the  streets ;  besides  refuse  matter  of  various 
kinds  from  workshops  and  factories,  chemical  works,  breweries, 
dintilleries,  and  so  on.  Sewage  is  thus  a  very  mixed  liquid,  and 
this  is  one  of  the  difficulties  of  disposing  of  it.  Still,  it  is  a  thing 
we  have  to  deal  with,  and,  such  being  the  case,  the  question  is 
how  to  get  lid  of  it  in  the  most  convenient,  the  least  injurious,  and 
the  least  expensive  manner. 

There  can  be  little  doubt  as  to  the  original  method  of  disposing 
of  the  animal  products  in  what  may  be  called  the  normal  state  of 
existence,  when  every  family  lived  apart,  surrounded  by  plenty  of 
ground.  Yet  even  in  ancient  times  it  was  found  necessary,  for 
the  well-being  of  the  community,  as  we  find  described  in  the  Mosaic 
record,  to  make  sanitary  regulations  for  the  proper  disposal  of  the 
excreta  of  the  camp  or  household.  As  families  began  to  congre- 
gate into  towns  the  difficulties  increased ;  and  it  is  one  of  the 
great  evils  of  town  life  that  no  perfect  system  for  dealing  with 
excreta  has  yet  been  carried  out.  If  we  examine  towns  where  a 
dry  system  alone  is  in  operation,  as  in  most  of  the  inland  Con- 
tinental towns,  we  find  that  there  is  a  general  unsavouriness 
about  them,  while  the  closets  are  generally  odorous  to  a  painful 
degree.  On  the  other  hand,  the  wet  system  has  evils  peculiar 
to  itself  although,  upon  the  whole,  a  water-closet  town  is  cleaner 
and  less  offensive  than  the  other  description  :  yet  its  underground 
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sewers  generate  gases,  by  which  the  soil  is  permeated  and  the  houses 
rendered  unwholesome;  and  the  gases  escape  through  imperfect 
traps  and  corroded  pipes  into  the  houses.  If  the  sewers  could  all 
be  kept  on  the  surface  of  the  ground,  with  a  constant  ran  of  water 
in  them,  there  would  be  no  danger  from  this  cause;  for  sewage 
mixed  with  sufficient  water  to  ensure  it  being  kept  in  motion  and 
freely  exposed  to  the  air  will  never  become  dangerous  to  health, 
although  it  may  be  more  or  less  offensive  to  the  senses  of  sight  and 
smelL  Perhaps  the  most  perfect  town,  sanitarily,  that  we  could 
imagine  would  be  one  which  had  in  the  centre  of  every  street  a 
copious  stream  of  water  nmning  in  a  perfectly  smooth  channel, 
and  with  sufficient  fall  to  prevent  any  lodgment  of  solid  matter. 
Into  this  stream  the  sewage  of  every  house  would  pass,  and  it 
might  be  covered  over  at  intervals,  or  even  throughout  its  whole 
length,  with  a  grating  so  open  as  to  give  perfect  access  of  air  to 
the  stream  below,  its  bed  being  only  a  few  inches  below  the  level 
of  the  street.  It  is  when  excretal  matter  is  shut  up  that  it  be- 
comes dangerous  to  health.  Nature  has  provided  for  its  deodoriza- 
tion  and  oxidation  by  mixture  with  the  porous  soil  and  free 
exposure  to  the  air ;  and  if  we  defy  nature,  as  it  were,  by  keeping 
it  underground,  shut  up  from  the  purifying  influence  of  atmos- 
pheric oxidation,  we  must  be  content  to  reap  the  consequences  in 
a  class  of  diseases  wliich  appear  to  be  peculiarly  the  result  of  the 
decomposition  of  excremental  matter  under  these  conditions. 

A  great  deal  has  been  said  and  written  about  the  purifying 
action  of  water,  but  I  wish  to  point  out  to  you  that  water,  per  «e, 
has  no  purifying  action  whatever.  If  we  were  to  mix  excreta 
with  pure  or  boUed  water  it  would  certainly  dilute  it,  but  it  would 
not  prevent  its  decomposition  and  consequent  offensiveness  in  the 
slightest  degree.  But  water  in  nature  is  never  pure — it  contains 
in  solution  both  mineral  salts  and  gases,  one  of  which  is  oxygen, 
which  usually  constitutes  one-third  of  the  whole.  This  oxygen  in 
water  undoubtedly  exerts  a  most  powerful  influence  on  sewage, 
but  then  it  requires  an  enormous  volume  to  yield  sufficient  oxygen 
to  render  innocuous  a  very  small  quantity  of  excreta.  A  gallon  of 
water  contains,  we  may  assume,  2^  cubic  inches  of  oxygen  gas, 
but  the  weight  of  this  is  only  *9  of  a  grain ;  while,  according  to 
my  calculation,  a  gallon  of  urine  would  require  for  its  complete 
oxidation  about  3000  grains  of  oxygen.  It  is  only  in  extreme 
cases  that  we  can  have  the  opportunity  of  mixing  animal  products 
with  3000  times  their  bulk  of  water ;  but  if  we  could  do  so,  and 
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provided  there  was  no  solid  matter  to  settle  down,  there  would  be 
complete  oxidation  and  purification.  In  ordinary  cases  we  have  to 
depend  more  upon  contact  with  the  air  for  the  oxidation  than  the 
mere  mixture  of  water,  which,  as  I  have  shown  you,  possesses  but 
a  limited  power.  With  regard  to  river  pollution,  the  influence 
of  sewage  must  be  considered  with  reference  to  quantity.  For 
example,  the  drainage  of  a  small  village  somewhere  about  Tintock 
would  be  completely  swallowed  up  and  rendered  perfectly  harm- 
less before  it  reached  Glasgow^  but  when  we  throw  into  the  Clyde 
the  excrements  of  nearly  three-quarters  of  a  million  of  people, 
we  tax  the  powers  of  air  and  water  too  severely,  and  the  once 
Doble  river  becomes,  at  the  harbour,  a  seething  puddle,  a  gigantic 
cesspool  And  yet  it  has  by  no  means  been  satisfeustorily  proved 
that  the  condition  of  the  river,  disgusting  as  it  is  in  summer,  is 
directly  dangerous  to  health.  The  question  of  the  conservancy  of 
rivers  is  one  that  has  for  some  time  been  engaging  the  attention  of 
sanitary  authorities.  In  the  case  of  a  number  of  towns,  such  as 
Bradford  and  Leeds,  the  purified  sewage  is  incomparably  purer 
than  the  grossly-polluted  streams  into  which  it  flows.  These  and 
other  towns  are  subjected  to  the  manifest  injustice  of  being  com- 
pelled, under  heavy  penalties,  to  render  their  sewage  clear,  inodor- 
ous, and  almost  perfectly  colourless,  before  discharging  it  into 
rivers  or  streams,  which  are  often,  as  in  the  case  of  the  Bradford  ' 
Beck,  literally  common  sewers  of  the  foulest  description.  The 
inhabitants  of  these  towns  complain,  and  with  good  reason,  that  in 
the  upper  reaches  of  the  rivers  wholesale  pollution  is  permitted, 
while  they  have  been  put  to  great  expense  in  order  to  accomplish 
a  purification,  the  eflects  of  which  are  swallowed  up  in  the  filth 
of  other  towns  over  which  they  have  no  control  Conservancy 
Boards  to  watch  over  the  whole  drainage  area  of  the  various 
river  basins  appear  to  be  the  only  effectual  means  of  solving 
the  important  questions  which  are  so  intimately  connected — 
the  disposal  of  sewage  and  the  restoration  of  rivers  to  a  state  of 
purity. 

There  are  two  ways  in  which  excremental  matter  may  be  dealt 
with— the  dry  system,  and  carriage  by  water.  The  first  is  the 
meet  rational,  as  well  as  the  most  consistent  with  public  health  and 
with  national  prosperity.  The  weak  part  of  this  system  is  tliat, 
while  it  disposes  of  excreta,  it  leaves  untouched  all  other  kinds  of 
sewage,  which  still  require  to  be  removed  by  means  of  water- 
carriage,  and  demand  the  same  purification  before  passing  into  a 
Vol.  Xin^No.  1.  d 
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river  as  the  excreta  themselves.  While,  therefore,  upon  econoni- 
ical  and  sanitary  grounds,  water-closets,  especially  in  houses  of  the 
smaller  sort,  and  in  public  works,  jails,  railway  stations,  &c^ 
might,  with  advantage,  be  replaced  by  an  efficient  dry  system,  the 
adoption  of  this  course  would  not  greatly  lessen  the  amount  of 
sewage  to  be  dealt  with,  or  render  its  purification  less  imperative. 
When  water-carriage  is  used,  the  following  methods  may  be 
employed  for  the  disposal  of  the  sewage : — 

1st.  BunAng  it  into  the  sea,  or  into  a  tidal  river,  under 
conditions  that  will  prevent  its  return. 

2nd.  Irrigation. 

3rd.  Purification  by  precipitation — 

{ay-hj  Lime. 

(6) — by  Sulphate  of  Alumina. 

(c) — by  the  ABC  system. 

The  system  recommended  by  Sir  John  Hawkshaw  for  the 
disposal  of  the  Glasgow  sewage  is  to  pump  it  up  to  a  high  level, 
and  to  carry  it  down  to  the  Ayrshire  coast,  and  then  run  it 
into  the  sea.  Perhaps  the  most  serious  objection  to  the  adoption 
of  this  recommendation  is,  that  it  ignores  the  broad  principle 
that  the  people  of  one  river  basin  or  drainage  area  should  not 
be  permitted  to  invade  another  district,  in  order  to  get  rid  of 
their  sewage,  but  should  restore  it  to  their  own  river  in  a  form 
sufficiently  purified  to  prevent  nuisance,  and  allow  of  the  water 
of  the  river  being  used,  to  a  large  extent  at  least,  for  primary 
pui*poses.  Apart  from  the  enormous  cost  of  Sir  John  Hawkshaw's 
scheme — in  itself  a  serious  obstacle  to  its  adoption — ^it  appears 
unlikely  that  Parliamentary  sanction  would  be  obtained  in  opposi- 
tion to  the  wishes  of  the  inhabitants  of  a  large  district  with 
which  the  city  of  Glasgow  has  no  connection,  and  to  which  it 
has  no  legitimate  claiuL  The  example  of  London  in  running  the 
unpurified  sewage  into  the  Thames  is  scarcely  one  that  can  be 
followed  by  Glasgow.  The  average  range  of  the  tide  in  the 
Thames  is  18  feet,  while  in  the  Clyde  it  is  only  9  feet  9  inches : 
the  velocity  of  the  ebb-tide  is,  on  the  average,  on  the  Thames 
2 J  miles^  while  on  the  Clyde  it  is  only  2\  furlongs,  or  little  more 
than  one-tenth  of  the  speed.  When  the  sewage  of  London  is  run 
into  the  Thames  at  Barking  and  Crossness,  during  the  first  three 
hours  of  ebb-tide  it  passes  down  the  river  so  far,  before  the  tide 
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flows,  that  it  cannot  return.  This  would  not  be  the  case  in  the 
Clyde,  with  its  small  range  of  tide  and  sluggish  current ;  and  if, 
therefore,  the  sewage  of  Glasgow  is  to  be  introduced  into  the 
■Clyde,  it  must  first  be  purified  either  by  irrigation  or  precipitation. 

The  second  method  of  dealing  with  sewage  is  to  use  it  in  the 
irrigation  of  land,  and  this  system  has  the  double  advantage  of  puri- 
fying the  water  in  a  more  complete  manner  than  can  be  attained 
by  any  process  of  chemical  treatment,  and  of  utilizing,  to  a  certain 
extent,  the  manurial  value  that  exists  in  it  Great  hopes  were,  some 
years  ago,  entertained  that  irrigation  was  to  be  the  grand  solution 
of  the  sewage  question,  and  companies  obtained  from  various  towns 
concessions  of  the  sewage  for  a  term  of  years,  as  if  it  were  an 
article  possessing  an  intrinsic  value.  All  that  is  changed  now ; 
some  sewage  farms,  on  which  immense  sums  pf  money  have  been 
•expended,  have  been  reluctantly  abandoned,  and  irrigation  is  no 
longer  r^arded  as  anything  more  than  a  means  of  obtaining,  where 
circumstances  permit  of  its  application,  a  good  effluent  at  a  mode- 
rate outlay.  Probably  Croydon — a  town  situated  about  25  miles 
south,  or  south-east,  of  London — ^has  the  most  successful  of  the 
sewage  farms,  and  it  is  no  small  matter  to  say  that  it  disposes  of 
the  sewage  of  a  population  of  60,000  persons  at  an  outlay  which 
is  now  reduced  to  about  £1000  per  annum.  But  the  situation  of 
Croydon  adapts  it  in  a  peculiar  degree  to  the  utilization  of  its 
sewage  by  filtration  through  land.  The  quantity  of  water  used  in 
the  town  per  head  of  population  is  much  less  than  in  Glasgow,  and 
the  ndnfetll  not  much  more  than  half ;  no  pumping  is  required,  and 
land  is  obtained  in  the  immediate  vicinity  of  the  town.  Again, 
the  land,  although  not  naturally  of  high  quality,  is  exceedingly 
well  adapted  for  sewage  farming,  in  consequence  of  its  being  of  a 
loose,  permeable,  character,  with  a  bottom  of  gravel,  which  acts  as 
a  natural  drain  and  prevents  any  accumulation  of  the  sewage  upon 
the  surfEtce  of  the  ground  except  under  very  exceptional  circum- 
stances. In  cold  or  moderate  weather  no  odours  of  a  distinctly 
offensive  character  are  given  off;  but  in  some  sewage  farms,  during 
hot  weather,  the  odour  is  very  disagreeable,  and  possibly  un- 
-wholesome. 

The  quantity  of  land  that  appears  to  be  necessary,  under  favour- 
able circumstances,  as  at  Croydon,  is  about  an  acre  to  each  100  of 
population,  so  that  Glasgow  with  its  immediate  suburbs  would 
require,  at  the  present  time,  fully  10  square  miles  of  land,  and, 
including  the  surrounding  burghs,  about  12  square  miles.     The 
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greater  part  of  the  sewage  would  require  to  be  pumped  to  a  con- 
siderable height,  the  land  (supposing  it  were  possible  to  obtain  it) 
would  require  to  be  held  by  the  Corporation ;  and,  as  experience 
has  shown  in  the  case  of  the  Barking  farm,  large  quantities  of 
certain  crops  would  be  obtained,  which  it  would  be  impossible  to 
dispose  of  to  advantage.  Again,  it  is  quite  certain  that  the  land 
occupied  could  never  become  residential,  or  bo  occupied  otherwise 
than  by  the  labourers  engaged  on  the  farm.  This  is  even  the  case 
at  Croydon;  although,  as  already  mentioned,  the  circumstances 
ai*e  there  peculiarly  favourable  to  sewage  farming. 

Purification  by  chemical  treatment  has  been  much  misunder- 
stood, and  consequently  discredited.     Because  it  has  hot  done  all 
that  has  been  claimed  for  it,  some  have  been  inclined  to  regard  it 
as  a  failure  and  unworthy  of  consideration.     Several  processes 
have  l>een  advocated  for  purifying  sewage  by  precipitation,  and  at 
the  same  time  manufacturing  from  the  sludge  obtained  a  manure 
which  will  be  saleable  at  a  considerable  price,  under  the  name  of 
native  guano,  or  some  other  high-sounding  title.     The  purification 
of  the  sewage  is  possible,  and  has  been  carried  out  successfully  at 
Bi*adford,  Leeds,  Coventry,  Birmingham,  and  many  other  towns  ; 
but,  so  far  as  I  have  been  able  to  ascertain,  the  sale  of  the  so-called 
manure,  except  in  insignificant  quantities,  appears  to  have  failed 
of  accomplishment.     And  this  is  not  to  be  wondered  at,  for  the 
precipitant,  whatever  it  may  be,  while  it  removes  the  solid  matter 
of  the  sewage,  together  with  the  phosphoric  acid,  leaves  in  the 
effluent  water  all  or  nearly  all  the  ammonia,  and  the  potash  salts  ; 
these  constituting  by  far  the  most  valuable  pai't  of  the  sewage. 
All  hope  of  making  a  profit  by  the  sale  of  the  precipitate  or  sludge 
should  therefore  be  abandoned;  but  that  is  no  reason  why  the 
process  should  not  be  adopted  for  the  purification  of  sewage. 

The  matters  removed  by  lime  and  by  alumina,  which  are  practi- 
cally the  only  prccipitants  that  have  hitherto  been  employed,  are — 

Solid  matters, 
Phosphoric  acid, 
Fatty  acids  of  soap, 
Nitrogenous  organic  matters, 
Vegetable  colouring  matters. 
Magnesia. 

The  soluble  nitrogenous  compounds  and  the  ammonia  in  the 
effluent  soon  become  oiddized,  less  rapidly  in  salt  than  in  fresh 
water;  and  the  oxidation   is  greatly  facilitated  by  passing  the 
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purified  sewage  through  a  porous  material,  with  free  exposure  to 
the  air,  or  through  sandy  or  gravelly  soil 

Of  all  the  substances  proposed  for  precipitation,  the  one  that 
appears  to  be  most  capable  of  general  application  is  lime.  It  can 
be  had  everywhere,  is  cheap,  and  effects  a  sufficient  purification  to 
enable  the  effluent  to  be  passed  into  a  non-potable  running  stream 
or  tidal  river,  especially  if  the  precipitation  is  supplemented  by  filtra- 
tion through  some  form  of  charcoal,  or  by  running  it  over  a  limitrd 
extent  of  suitable  land,  thoroughly  drained.  It  has  been  objected 
to  the  lime  process  that  the  effluent  soon  decomposes,  while  that 
from  other  precipitants,  being  neutral  or  faintly  acid,  resists  putre- 
faction for  a  much  longer  tima  This  is  quite  true,  but  it  appears 
CO  me  that  the  fact  that  the  lime  effluent  readily  oxidizes  is  entirely 
in  its  fikvour.  The  organic  matter  in  the  purified  sewage  mv4it  be 
oxidized,  and  the  sooner  this  is  accomplished  the  less  likely  is  it  to 
produce  injurious  consequences. 

Whatever  method  of  precipitation  be  adopted,  it  is  most  important 
that  the  sludge  should  not  remain  long  in  the  bottom  of  the  settling 
tanks ;  whenever  it  is  permitted  to  remain  for  a  week  or  two  ^t 
ferments,  throws  up  bubbles  of  the  gaseous  products  of  decomposi- 
tion, and  serves  to  render  the  effluent  offensive — producing,  in  fact, 
the  very  evils  so  noticeable  in  the  harbour  of  Glasgow,  where  the 
solid  portion  of  the  sewage  of  the  city  settles  down  to  the  bottom, 
and  undergoes  putrefactive  decomposition.  The  mud  dredged  from 
the  Clyde,  nearly  opposite  Lancefield,  gave  the  following  results  on 
analysis  : — 
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K  we  compare  this  with  the  sludge  obtained  by  precipitation 
we  will  find  that,  except  for  the  extra  quantity  of  sand,  there  is  a 
very  striking  similarity  of  composition. 

Among  the  towns  where  precipitation  is  in  use,  none  is  more 
worthy  of  attention  than  Leicester,  the  population  of  which  is 
about  120,000,  while  the  sewage  amounts  to  7,000,000  gallons  per 
day.  It  was  here  that  the  first  attempt  was  made  to  purify  sewage 
by  precipitation,  lime  being  the  agent  employed.  After  25  years* 
experience,  during  which  a  great  many  processes  were  tried,  the 
authorities  came  back  to  lime,  which  they  consider  the  only  possible 
precipitant  for  the  sewage  of  a  large  town.  The  quantity  of  lime 
used  is  20  to  30  cwt.  per  million  gallons,  and  nothing  is  obtained 
for  the  sludge,  which  has  hitherto  been  employed,  almost  ex- 
clusively, in  making  up  land  in  the  immediate  neighbourhood  of 
the  works.  The  cost  of  working,  for  lime,  fuel,  and  labour,  is 
£2,200  per  annum.  As  regards  the  practical  results  obtained  by 
the  purification  of  the  Leicester  sewage,  these  ar6  not  entirely 
satisfactory,  but  the  conditions  existing  in  the  town  are  altogether 
exceptional  and  peculiar.  The  river  Soar,  into  which  the  effluent 
runs,  has  been  canalized,  and  the  Row  is  said  to  be  only  a  mile  a 
day  in  dry  weather,  while  in  wet  weather  it  may  be  ten  times  as 
much.  Then  the  effluent  forms  a  very  large  proportion  of  the 
whole  contents  of  the  river  or  canal  during  dry  weather,  probably 
the  greater  part  of  it;  and  above  all,  there  exists  in  the  town  a 
separate  system  of  drains  for  the  I'ainfall,  and  all  the  filth  of  the 
streets  is  washed  into  the  Soar  without  purification.  Lastly,  a 
small  low-lying  part  of  the  town  has,  until  recently,  been  kept  out 
of  the  general  drainage  system.  It  is  therefore  not  surprising  that, 
while  the  bed  of  the  river  is  kept  perfectly  clean,  and  there  is  no 
odour  perceptible  in  or  near  the  town,  the  water  four  miles  down 
is  slightly  ofiensive  during  dry  and  hot  weather.  The  sludge,  con- 
taining about  30  per  cent,  of  water,  amounts  to  about  12,000  tons 
per  annum.  The  whole  of  the  sewage  requires  to  be  pumped  26 
feet.  The  precipitation  is  effected  in  a  series  of  very  laige  tanks 
and  settling  ponds,  and  the  effluent  is  further  purified  by  filtration 
through  an  osier  bed  three  acres  in  extent. 

In  Birmingham  lime  has  always  been  the  precipitant  employed, 
and  a  great  improvement  has  been  effected  in  the  condition  of  the 
river  Tame,  yet  the  results  are  not  so  satisfactory  as  they  might 
be  if  a  somewhat  different  system  of  working  were  adopted.  The 
sewage,  after  receiving  its  dose  of  lime,  passes  through  a  series  of 
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settling  tanks;  but  ajs  the  lime  precipitate  is  so  light  that  it  will 
not  settle  completely  unless  the  water  is  absolutely  at  rest,  it 
follows  that  the  effluent  is  always  more  or  less  turbid.  I  consider 
it  imperative  that,  where  lime  is  used  as  the  purifying  agent,  the 
effluent  be  further  subjected  to  filtration,  either  through  land, 
where  it  can  be  had  of  a  suitable  nature,  or  through  ''  breeze ''  or 
some  other  suitable  material.  This  fact  is  now  recognised  by  the 
Birmingham  authorities,  who  expect  in  future,  by  a  system  of 
land  filtration,  to  produce  a  more  perfect  effluent  than  they  do  at 
the  present  tima  There  is  a  farm  of  considerable  dimensions  in 
connection  with  the  sewage  works,  the  principal  use  of  it  being 
for  the  disposal  of  the  sludge,  the  quantity  of  which  is  enormous. 
It  is  got  rid  of  by  covering  the  ground  with  a  layer  of  it,  and  then 
digging  it  in.  Excellent  crops  of  certain  vegetables  are  produced. 
Formerly  works  were  in  operation  to  carry  out  the  processes  of 
General  Scott  for  the  manufacture  of  cement  from  the  sludge,  and 
for  the  treatment  of  night-soil,  but  both  of  these  have  been 
abandoned. 

In  Leeds,  where  the  ^'  A  B  C  "  and  several  other  processes 
have  been  tried,  lime  alone  is  now  used,  and  the  results  are  con- 
sidered satis&ctory  so  far  as  the  effluent  is  concerned,  although  it 
is  not  subjected  to  any  description  of  filtration.  Its  condition, 
however,  is  of  the  less  consequence,  since,  under  any  circumstances, 
it  is  likely  to  be  purer  than  the  water  of  the  Aire,  into  which  very 
dirty  river  it  is  admitted.  Here,  as  elsewhere,  the  sludge  is  the 
chief  difflculty:  it  is  indeed  the  hete  noir  of  sewage  purification 
everywhere,  and  no  town  or  city  should  adopt  a  system  of  pre- 
cipitation until  it  is  clearly  seen  how  the  sludge  is  to  be  disposed 
of.  No  matter  how  it  is  made  or  what  it  contains,  it  cannot  be 
sold;  nor  will  farmers  take  it  for  the  lifting  in  its  wet  state, 
except  in  insignificant  quantities.  An  attempt  was  made  in  Leeds 
two  years  ago  to  convey  away  the  sludge  in  barges;  but  the  way 
in  which  it  was  carried  out  clearly  showed  that  those  in  charge  had 
no  correct  conception  of  the  difficulties  connected  with  the  process. 
Ko  sludge  is  now  dried  at  Leeds,  for  the  obvious  reason  that  the 
drying  costs  more  than  can  be  obtained  for  the  finished  article. 
On  the  other  hand  the  cost  of  working  the  precipitation  is  now 
much  less  than  it  was  formerly.  Four  or  five  years  ago  the 
materials  for  a  modified  ''A  B  C  process  cost  at  the  rate  of 
18s.  3d.  per  hour,  while  now  a  quantity  of  lime  (7  tons),  costing 
about  £5,  suffices  for  the  whole  24  hours.  The  effluent  is  satisfactory 
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unless  when  the  sewage  is  mixed  largely  with  tanners'  refuse,  when 
it  is  of  a  distinctly  brown  tint»  which  lime  will  not  remove.  The 
quantity  of  sewage  averages  about  9  million  gallons  per  day,  but  is 
sometimes  much  more. 

In  Bradford,  where  lime  alone  has  been  used  for  several  years, 
the  average  flow  of  the  sewage  is  8  million  gallons  per  day.  The 
works  are  capable  of  dealing  with  10  million  gallons;  but  if^  by 
reason  of  heavy  rainfall,  this  quantity  is  exceeded,  the  surplus  is 
passed  direct  into  the  Beck,  a  stream  of  extraordinary  filthiness, 
which  is  not  likely  to  be  further  contaminated  by  it  The  system 
of  precipitation  pursued  in  Bradford  difiers  from  any  I  have  seen 
elsewhere,  in  this  respect,  that  the  sewage  does  not  run  continuously 
into  and  out  of  the  tanks,  but  these,  which  are  of  comparatively 
small  dimensions,  are  filled  and  emptied  every  hour  or  so,  and  the 
sewage  is  allowed  about  three-quarters  of  an  hour  of  absolute 
quiescence,  during  which  the  precipitate  settles  down  completely. 
The  effluent  is  passed  through  or  over  breeze  (riddlings  of  gas  coke), 
whereby  its  composition  is  greatly  improved,  and  it  passes  into  the 
Beck  quite  clear,  and  only  faintly  coloured  by  dye-stufls.  I  have 
made  analyses  of  the  effluent  as  first  produced,  and  after  passing 
through  the  filtering  material,  and  the  results  show  that  not  only 
is  all  suspended  matter  removed,  but  also  that  the  free  lime  (so 
injurious  to  fisb  when  introduced  into  a  river),  is  almost  all  car- 
bonated, and  for  the  most  part  removed.  If  we  compare  with  this 
the  composition  of  the  Bradford  Beck,  taken  above  the  sewage 
works,  it  will  be  seen  that  it  must  be  considerably  improved  by 
the  admixture  of  the  purified  sewage.  Experiments  on  the  large 
scale  at  Bradford  have  shown  that,  in  order  to  obtain  satisfactory- 
results,  it  is  necessary  to  employ  a  lime  of  the  best  quality.  The 
sludge  has  hitherto  been  used  exclusively  in  the  making  up  of 
waste  land  in  the  vicinity  of  the  works,  but  experiments  are  now- 
being  made  with  the  object  of  reducing  it  to  a  more  portable  fomiy 
so  that  it  might  realize  the  cost  of  carriage  to  some  distance. 
Although  the  treatment  of  the  sludge  after  it  is  deposited  in  the 
precipitating  tanks  is  not  all  that  can  be  desired,  the  Bradford 
works  are,  on  the  whole,  the  best  I  have  seen,  and  are  well  worth 
the  study  of  any  Corporation  who  purpose  to  adopt  precipitation 
as  the  means  of  purifying  sewage. 

In  Bolton,  lime  is  used  in  conjimction  with  a  certain  propoiiion 
of  carbonaceous  matter,  and  the  results  are  stated  to  be  satisfactory. 
Owing  to  the  flooded  condition  of  the  river,  the  works  were  at  a 
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stand-still  when  I  visited  the  town  on  two  occasions.  I  have, 
however,  ascertained  the  composition  of  the  dried  sludge  and  the 
effluent  water. 

In  Windsor  the  process  of  Mr.  Fritz  Hill^  is  followed.  It  is  a 
modification  of  the  lime  process,  ''  chemical  salts''  (chiefly  chloride 
of  magnesium),  and  a  small  quantity  of  tar  being  added  along  with 
the  lime.  The  "  salts ''  are  stated  to  hasten  the  deposition  of  the 
sludge,  while  the  tar  retards  the  decomposition  of  the  effluent  In 
the  ground  connected  with  the  works,  which  are  situated  at  "  The 
Ham,"  about  three  miles  from  the  town,  trenches  are  dug,  into 
which  the  sludge  is  run,  and  as  the  soil  is  gravelly  the  liquid  por- 
tion readily  passes  away,  leaving  the  mud  in  a  state  in  which  it 
can  be  handled.  The  composition  of  the  sludge  is  not  essentially 
different  from  that  obtained  with  lime  alone,  and,  indeed,  contains 
much  less  magnesia  than  that  produced  at  Leeds  and  Bradford, 
where,  probably,  magnesian  salts  are  largely  employed  in  finishing 
and  weighting  woollen  goods  and  mixed  fabrics.  The  effluent  is 
further  purified  by  irrigation  or  land  filtration.  The  ordinary 
quantity  of  sewage  is  1^  million  gallons  per  day.  The  tanks  and 
other  apparatus  are  very  well  arranged.  Tottenham  and  some 
other  places  are  also  worked  on  Hill^'s  system. 

Coventry  has  been  working  for  some  years  under  Dr.  Anderson's 
patent,  in  which  sulphate  of  alumina,  with  enough  lime  to  throw 
down  the  alumina,  is  employed.  At  present  the  works  are  in  the 
hands  of  the  Rivers  Purification  Company,  to  whom  the  city  pays 
j£2,200  per  annum  for  the  treatment  of  the  sewage,  which  amounts 
to  2  million  gallons  per  day.  The  condition  of  matters  here  is 
very  much  the  same  now  as  they  were  when  I  visited  the  works 
some  years  since,  except  in  this  respect,  that  all  hope  of  selling  the 
sludge,  except  for  the  merest  trifle  of  remuneration,  appears  to  be 
now  at  an  end;  the  drying  is  abandoned,  and  the  sludge  is  got  rid 
of  by  spreading  on  fields,  &c.  The  use  of  sulphate  of  alumina  is 
interesting,  as -it  is  really  the  only  competitor  with  lime.  The 
quality  of  the  salt  used  at  Coventry  is  of  the  crudest  and  poorest 
description;  and  as  the  effluent  is  very  good,  it  shows  that  a 
material  of  the  cheapest  kind  may  be  successfully  employed.  No 
doubt  the  process,  under  any  circumstances,  must  involve  a  greater 
outlay  than  if  lime  were  employed,  but  I  consider  that  this  is 
counterbalanced,  to  a  very  considerable  extent,  by  the  diminished 
quantity  of  sludge  to  be  disposed  of.  If  the  phosphoric  acid  be 
accepted  as  the  measure  of  the  manurial  strength  of  the  sludge,  it 
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will  be  seen,  on  comparing  the  Yarious  analyses,  that  the  article 
produced  in  works  where  sulphate  of  alumina  is  the  precipitant  is 
from  twice  to  three  times  as  strong  as  that  precipitated  by  lime : 
in  other  words,  the  quantity  of  sludge  is  from  twice  to  three  times 
as  great  in  the  latter  case  as  in  the  former,  while  the  effluent  from 
sulphate  of  alumina  is  at  least  as  good  as  that  from  lime,  and  does 
not  require,  so  imperatively,  subsequent  filtration  through  gravelly 
soil  or  breeze.  Then,  again,  if  there  is  any  hope  of  disposing  of  the 
dried  or  partially  dried  sludge  by  sale  to  farmers,  there  is  a  £ar 
greater  probability  of  doing  so  if  the  calculated  value  per  ton  is  from 
20s.  to  27s.,  as  at  Coventry,  than  if  it  were  only  from  11&  to  15s.,  as 
it  is  in  various  places  where  lime  alone  is  used  as  the  precipitant. 
In  Coventry  there  is  used,  along  with  the  sulphate  of  alumina,  a 
small  quantity  of  copperas  (sulphate  of  iron),  and  enough  milk  of 
lime  is  afterwards  added  to  make  the  liquid  faintly  alkaline.  The 
exact  quantities  are,  for  1,000,000  gallons,  15  cwt  sulphate  of 
alumina,  2j^  cwt.  copperas,  and  6^  cwt.  lime.  The  sewage  then 
passes  on  to  the  precipitating  tanks,  of  which  there  are  four,  each 
capable  of  containing  225,000  gallons,  and  they  are  wrought  on 
the  continuous  system,  three  being  always  in  use,  while  the  fourth 
is  being  cleared  out.  The  precipitate  goes  down  rapidly,  much 
more  so  than  when  lime  alone  is  used,  and  the  effluent  passes  off 
in  a  constant  stream  in  a  fairly  purified  condition,  but  usually  of 
a  faint  rose  colour  arising  from  the  dye-stufis  present  in  large 
quantities  in  the  sewage.  It  is  afterwards  passed  through  9  acres 
of  land  laid  off  as  a  filtering  ground,  and  separated  into  portions 
which  are  wrought  intermittingly.  These  plots  are  cropped  with 
mangolds,  rye-grass,  kc.^  and  a  portion  is  planted  with  osiers, 
which  grow  vigorously  and  yield  a  good  return.  The  effluent 
passes  into  the  river  Sherboume  at  the  lowest  part  of  the  ground, 
thoroughly  purified  from  suspended  matter  and  quite  inodorous, 
but  still  of  a  faint  rose  tint. 

In  Aylesbury  the  process  of  the  ABC  Company  has  been 
adopted.  The  sewage  looks  very  foul,  and  although  on  both 
occasions  when  I  visited  the  town  the  works  could  not  deal  with 
the  whole  of  it,  that  portion  which  was  treated  produced  an  excel- 
lent effluent  The  substances  used  for  purification  are  sulphate  of 
alumina  and  charcoal,  with  or  without  the  addition  of  clay.  No 
lime  is  used,  as  the  sewage  contains  enough  free  ammonia  to 
decompose  the  sulphate  of  alumina.  The  sludge  is  pumped  up  to 
a  tank  on  the  roof  of  the  buildings,  and  brought  down  by  a  pipe 
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into  a  filter-press,  in  which  the  water  is  reduced  from  90  or  95  per 
cent,  to  50  per  cent.  It  is  now  in  the  form  of  cakes  which,  when 
kept  in  a  store  or  in  the  open  air  during  dry  weather,  become  dry 
to  the  touch,  and  when  ground  form  *'  native  guano,"  which  is  sold 
for  £3  10s.  per  ton,  the  calculated  value  being,  however,  only  33s., 
-while  the  seUing  price,  comparing  it  with  farm-yard  manure,  should 
be  less  even  than  thi&  The  cost  of  production  is  given  by  Mr. 
Henry  Bobinson,  C.E.,  in  his  paper  on  Sewage  Disposal,  1879,  as 
follows: — Chemicals,  labour,  &a,  £1  12s.;  drying,  &c.,  5a  8d.; 
grinding  and  bagging,  15s. — in  all  £2  12a  8d.  per  ton.  This  pro- 
cess suits  very  well  for  a  small  population,  such  as  that  of  Ayles- 
bury (about  6000),  situated  in  the  middle  of  a  rich  agricultural 
district,  where  a  small  quantity  of  artificial  manure  may  be  dis- 
posed of  by  active  agents  or  by  extensive  advertising ;  but  it  does 
not  appear  to  be  applicable  to  a  large  town,  where  it  would  be 
impossible  to  dispose  of  more  than  a  trifling  quantity  of  the 
aludge,  and  there  would  be,  therefore,  nothing  to  counterbalance 
the  heavy  outlay  for  chemicals.  Besides  this,  it  would  be  impos- 
sible to  obtain,  in  sufficient  quantity  for  a  large  town,  the  carbon- 
aceous matter,  which  is  an  essential  ingredient  in  the  procesa 
This  is  a  bye-product  in  the  manufacture  of  prussiate  of  potash, 
and  the  production  of  it  is  limited.  I  do  not  know  any  other  kind 
of  charcoal,  suitable  for  the  purpose,  that  could  be  had  except  at 
a  cost  that  would  preclude  its  use  for  sewage  purification. 

The  separation  of  the  sewage  proper,  and  especially  that  from 
water-closets  from  the  surface  drainage,  has  been  brought  promi- 
nently before  the  citizens  of  Glasgow,  and  I  consider  it  necessary 
to  make  a  few  remarks  on  the  subject.  It  is  supposed  by  some 
that  if  the  products  of  the  water-closets  were  kept  distinct, 
amounting,  say,  to  a  million  gallons  Srday,  all  the  other  drainage 
of  the  city  might  be  passed  into  the  river  without  danger  of  causing 
a  nuisanca  But  I  have  shown  conclusively,  by  chemical  analyses, 
that  the  drainage  from  districts  where  there  are  no  water-closets  is 
very  nearly  as  foul  as  that  from  those  provided  with  those  conve- 
niences. The  latter  use  a  much  larger  quantity  of  water,  and  this 
dilution  compensates,  or  nearly  so,  for  the  extra  amount  of  impurity. 
A  little  consideration  will  show  that,  practically,  all  the  water  used 
for  domestic  purposes  is,  and  must  be,  more  or  less  foul,  and 
requires  purification  before  being  introduced  into  a  river.  For 
example,  no  liquid  enters  more  readily  into  putrefaction  than  the 
-water  in  which  cabbage  and  other  vegetables  have  been  boiled ; 
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and  the  washing  of  cooking  utensils  gives  rise  to  very  foul  water. 
In  fact,  kitchen  slops  of  all  kinds  are  very  impure,  and  the  soapy 
water  resulting  from  the  washing  of  clothes  is,  in  many  caaes, 
nearly  as  bad.  In  the  houses  of  the  industrial  classes  the  kitchen 
sinks  are  freely  used  for  purposes  for  which  they  were  never 
intended  ;  and,  in  fact,  with  the  exception  of  the  solid  excrement, 
the  sewage  contains  practically  all  that  is  found  in  that  produced 
in  water-closet  districts.  It  comes  to  this,  then,  that  under  the 
separate  system,  properly  carried  out,  all  that  is  saved  from  going 
into  the  sewers  is  the  rainfall  In  Leicester,  where  two  distinct 
sets  of  drains  exist,  the  quantity  of  sewage  from  a  population  of 
1 20,000  is  7  million  gallons  a-day  ;  and  the  somewhat  unsatis&c- 
tory  condition  of  the  Soar  in  hot  weather  is  considered  to  be  due, 
at  least  in  part,  to  the  fact  that  the  street  washings  pass  into  the 
river  without  purification. 

As  regards  the  system  of  precipitation  which  it  is  desirable  to 
adopt  in  the  case  of  Glasgow,  I  do  not  consider  it  imperative  that 
this  point  be  settled  before  proceeding  with  the  works.  For  both 
systems — that  using  lime  and  that  in  which  sulphate  of  alumina, 
with  or  witJiout  lime,  is  employed — the  same  tanks,  apparatus,  and 
filtering  beds  are  required,  the  only  difference  being  that  when  the 
latter  process  is  used,  the  filtering  beds  do  not  require  to  be  quite 
so  extensive  as  when  lime  is  the  precipitant  Glasgow  is  well 
situated  for  both  processes:  lime  of  the  finest  quality  can  be  had  at 
from  128.  to  14s.  per  ton,  and  probably,  from  the  dilute  nature  of 
the  sewage,  15  cwt.  per  million  gallons  would  suflice  ;  on  the  other 
hand,  a  crude  sulphate  of  alumina,  containing  also  some  sulphate 
of  iron,  could  be  made  here  from  the  waste  shale  of  our  coal-fields 
at  a  very  low  price,  and  the  use  of  this  precipitant  would  keep 
down  the  quantity  of  sludge.  The  disposal  of  this  substance  is 
one  of  the  most  important  considerations  in  the  establishment  of 
sewage  precipitation  works.  There  is  a  vast  quantity  of  waste 
land  on  both  sides  of  the  river  which  might  be  reclaimed  and 
rendered  valuable  by  means  of  the  sludge,  and  I  see  no  reason  why 
it  should  not  be  sent  ofi*  to  considerable  distances  by  railway,  as  is 
done  at  present  with  the  town  refuse,  to  enhance  the  value  of  arable 
land.  By  having  several  precipitation  works,  facilities  would  be 
given  for  conveying  the  sludge  in  vaiious  directions. 

Whatever  system  of  precipitation  be  adopted,  the  disposal  of 
the  sludge  is  one  of  the  most  important  elements  in  the  calculation 
of  cost.     I  have  estimated  that  the  sewage  of  Glasgow — 40  to  70 
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millions  of  gallons  daily — will  produce  a  quantity  of  sludge  which, 
in  the  dried  state,  would  amount  daily  to  135  tons;  but  as  it  must 
be  dealt  with  in  its  moist  condition,  it  would  be  a  fail*  estimate  to 
take  ^ve  times  this,  or  675  tons,  as  the  quantity  to  be  daily  got 
rid  of.  If  lime  alone  were  used  as  the  precipitant,  an  average  of 
about  40  tons  would  be  required  daily,  which,  at  12s.  per  ton, 
would  cost  £24  a  day,  or  £8760  per  annum.  The  total  cost 
of  working  the  precipitation  process,  not  including  interest  on 
works,  would  probably  amount  to  somewhere  about  £25,000 
per  annum. 

The  question  whether  the  effluent  from  precipitation  will 
putrify  and  cause  a  nuisance  after  mixing  with  a  considemble 
proportion  of  clean  river  water,  is  one  which  has  engaged  my 
attention,  and  I  am  glad  to  be  able  to  say  that  the  results  have 
been  satisfactory.  I  cannot  do  better  than  quote  a  few  sentences 
from  a  report  recently  made  to  the  Magistrates  and  Council  of 
Glasgow,  and  which  has  been  published  as  an  apj)endix  to  a 
report  by  the  deputation  which  visited  a  number  of  English 
towns  last  summer. 

Experiments  were  made  during  July  and  August  on  the  ox- 
idizing power  of  river  water  on  purilied  sewage.  An  average 
Glasgow  sewage  was  prepared  by  mixing  2  parts  of  Portland 
Street  (water-closet)  with  one  part  of  Reid  Sti-eet  (non-water- 
closet)  sewage,  and  this  was  divided  into  three  portions,  and  defe- 
cated— 

A,  by  mechanical  means  only. 

B,  by  precipitation  with  lime. 

C,  by  pi*ecipitation  with  sulphate  of  alumina. 

In  the  effluents  the  amount  of  free  and  organic  ammonia  was 
estimated,  and  12  parts  of  clean  Clyde  water  added,  after  which 
each  sample  was  divided  into  two,  one-half  being  placed  in  an  oj)en 
glass  bottle,  and  the  other  in  a  closely  stoppered  bottle.  After 
the  lapse  of  five  weeks,  the  ammonia  was  again  estimated,  when  it 
was  found  that  in  every  case  the  oxidation  was  all  but  complete, 
and  that  it  went  on  as  well  in  closed  as  in  oi>en  vessels.  The 
original  mixed  sewage,  or  rather  the  clear  portion  of  it,  contained 
6'18  grains  per  gallon  of  free  and  '233  of  organic  or  "albumcnoid" 
ammonia;  after  treatment  with  lime  the  resi>ective  quantities  were 
5-950  and  *056,  and  after  sulphate  of  alumina,  with  a  certain 
quantity  of  lime  (Coventry  process),  they  were  5*880  and  '042. 
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The  following  statement  shows  the  proportions  of  free  and  organic 
ammonia  in  the  mixtures  of  sewage  and  clean  water  at  the  com* 
mencement  of  the  experiments  and  after  five  weeks: — 


Settling  or  Filtration. 

Purification  by  Lime. 

By  Sniph.  of  Alumina. 

Original 

5  Weekaln 

Original 

5  Weeks  in 

Original 

6  Weeks  in 

Open 
Bottle. 

Closed 
Bottle. 

Open 
Bottle. 

•0017 
•0056 

•0073 

Closed 
Bottle. 

•0012 
•0053 

•0065 

Open 
Bottle. 

Closed 
Bottle. 

Free  Ammonia, 
Organic    do., 

Total, 

•487 
•023 

•0024 
•0091 

•0115 

•0021  !    -470 

1 

•0087'    009 

1 
1 

•465 
•008 

•0011 
•0049 

•0011 
O078 

•510 

•0108 

•479 

•473 

•0060 

•0089 

If  the  proportion  of  free  and  organic  or  "  albumenoid*'  ammonia 
be  accepted  as  the  measure  of  the  amount  of  pollution,  these 
results  show  that  in  five  weeks,  at  least  in  the  cases  where  defeca- 
tion was  efiected  by  precipitation,  the  whole  of  the  added  pollution 
in  the  form  of  sewage  had  disappeared,  and  the  water  had  acquired 
H  degree  of  purity  equal  to  that  of  the  Clyde  above  Glasgow. 
Even  in  the  sewage  purified  by  filtration,  only  2  per  cent  of  the 
ammonia  remained  unoxidized.  Experiments  showed  that  the 
ammonia  was  converted  first  into  nitrous,  and  finally  into  nitric 
acid,  combined  in  both  cases,  of  course,  with  bases  (lime,  magnesia, 
soda).  In  the  case  of  the  filtered  sewage,  kept  in  a  closed  bottle, 
the  amount  of  nitric  acid  was  found  to  be  1^63  grains  per  gallon, 
equal  to  •513  of  ammonia.  The  amount  of  ammonia  which  had 
disappeared  during  the  expenment  was  '499,  so  that  it  must  be 
concluded  that  the  oxidation  had  already  begun  before  the  original 
estimation  was  made.  In  this  series  of  experiments  the  effluents 
obtained  by  precipitation  were  practically  inodorous,  and  after 
being  mixed  with  the  Clyde  water  they  did  not  at  any  time 
acquire  an  appreciable  odour.  An  experiment  begun  in  1879, 
in  which  crude  sewage  was  mixed  with  8  times  its  bulk  of  clean 
water,  and  the  mixture  kept  in  a  loosely  covered  vessel,  showed 
that  even  in  a  year  the  impurities  did  not  disappear,  and  all  the 
time  there  was  abundance  of  fungoid  growth.  In  none  of  the 
experiments  where  the  defecated  sewage  was  mixed  with  8  or 
12  times  its  bulk  of  clean  water  was  there  any  growth  of  sewage 
fungus  observed. 
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An  experiment  of  similar  character  begun  on  12th  August 
showed  that,  during  warm  weather  at  least,  the  oxidation  is  very 
rapid.  Some  average  Glasgow  sewage  was  defecated  by  lime  (in 
the  proportion  of  one  ton  per  million  gallons),  and  mixed  with 
12  parts  of  dean  Clyde  water,  and  the  i*esult  was  tested  on 
1st  September,  with  the  following  results : — 


Defecated 

Mixture, 

Sewage. 

30th  Augtist. 

IstSept. 

Free  Ammonia, 

5-320 

•4220 

•0014 

Albnmenoid    do.,     - 

•063 

•0094 

•0070 

Total,       -        -        5-383  '4314  -0084 

The  mixture  on  1st  September  contained  a  large  proportion  of 
nitrous  acid,  showing  that,  although  the  ammonia  had  almost  dis- 
appeared, the  oxidation  was  not  yet  complete.  Subsequent  experi- 
ments during  colder  weather  showed  that  the  rapidity  of  the 
oxidation  depends  much  upon  temperature,  the  process  being 
decidedly  slower  in  cold  than  in  warm  weather.  If,  as  is  asserted 
by  some  authorities,  and  as  my  own  observations  indicate,  the 
process  depends  mainly  upon  the  presence  of  bacteria^  it  is  easy  to 
understand  that  the  oxidation  or,  as  it  may  be  called,  nitrification, 
will  be  more  rapid  in  warm  than  in  cold  weather. 

The  result  of  all  my  experiments  and  observations  is  that 
Glasgow  sewage,  properly  defecated  and  introduced  into  the  Clyde 
at  a  point  below  the  City,  will  not,  under  any  circumstances,  give 
rise  to  a  nuisance. 

The  question  whether  lime  or  alumina  is  the  more  effective 
agent  for  the  precipitation  of  sewage  has  engaged  my  attention, 
and  the  results  of  my  observations  appear  to  indicate  that,  although 
the  alumina  produces  a  somewhat  more  satisfactory  effluent,  the 
advantages  obtained  by  its  use  are  not  sufficient  to  compensate  for 
the  greatly  increased  cost  of  purification,  which  may  be  set  down 
at  about  four  times  that  of  lime.  If,  however,  a  very  cheap 
variety  of  sulphate  of  alumina,  with  some  sulphate  of  iron,  can  be 
obtained,  or  if  the  liquor  obtained  by  lixiviating  calcined  alum 
ahale  is  available ;  if,  in  fact,  the  cost  of  alumina,  or  a  mixture  of 
alumina  and  oxide  of  iron,  could  be  approximated  to  that  of  lime, 
I  would  have  no  hedtaUon  in  recommending  its  use  in  preference 
to  lime. 

Mr.  Peter  Spence,  of  the  Pendleton  Alum  Works,  near  Man- 
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Chester,  has  proposed  a  very  ingenious  system  for  the  purification 
of  sewage  and  the  utilization  of  one  of  its  constituents.  The 
sewage  is  first  treated  with  lime,  and  the  nearly-clear  effluent 
mixed  with  a  solution  of  sulphate  of  alumina,  which  throws 
down  albuminous  compounds  combined  with  alumina,  while  at 
the  same  time  the  free  lime  in  the  effluent  is  neutralized.  The 
alumina  precipitate  is  then  treated  with  a  sufficient  quantity  of 
sulphuric  acid  to  combine  with  the  alumina,  forming  a  sulphate 
which  can  be  used  over  again,  when  the  albuminous  matter 
is  separated  in  flakes,  which  are  collected,  dried,  and  distilled, 
and  the  ammonia  produced  converted  into  sulphate.  A  careful 
experiment  with  one  gallon  of  sewage  from  Portland  Street 
sewer  gave  1*5  grain  of  albuminous  matter,  retaining  -57  or 
nearly  one-fourth  of  the  whole  alumina,  and  containing  *078 
of  a  grain  of  nitrogen,  equal  to  *38  of  a  grain  of  commercial 
sulphate  of  ammonia.  30  million  gallons  of  such  sewage  would, 
therefore,  yield  by  this  process  1629  lbs.  of  sulphate  of  ammonia, 
worth  about  XI 3.  On  the  other  hand,  there  would  be  required 
about  £00  worth  of  sulphate  of  alumina,  a  certain  portion 
of  which  would  be  lost  at  each  opei^ation,  and  about  JB30 
worth  of  sulphuric  acid,  so  that  the  sulphate  of  ammonia  would 
not  go  far  in  covering  the  extra  expense  of  the  process  as  compared 
with  a  simple  precipitation  by  lime.  Besides  this,  extra  tank 
accommodation  to  a  large  extent  would  be  required  to  work  the 
process,  which  appears  to  be  of  too  complicated  a  character  for 
practical  sewage  precipitation.  It  is  only  right  to  state,  however, 
that  Mr.  Spence,  in  his  experiments  with  Birmingham  sewage  on 
a  more  extensive  scale  than  mine,  shows  a  larger  yield  of  ammonia 
and  less  loss  of  alumina. 

A  process  for  the  extremely  rapid  oxidation  of  the  effluent  from 
precipitation  by  lime  or  alumina,  by  which  it  would  be  rendered 
entirely  innocuous  before  being  introduced  into  the  river,  and  that 
at  trifling  cost,  has  been  brought  before  me,  but  I  am  not  at  present 
at  liberty  to  disclose  the  name  of  the  inventor  or  the  details  of  the 
proces&  I  trust  that  it  will  be  brought  before  the  society  by  the 
inventor  during  the  present  session. 

It  now  only  remains  for  me  to  refer  to  various  tables  of  analyses 
connected  with  sewage  precipitation  which  I  propose  to  append  to 
this  paper,  should  it  be  considered  of  sufficient  interest  and  import* 
ance  to  be  published  in  the  Proceedings  of  the  Philosophical 
Society. 
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Analysis  of  Grade  Salphftto  of  AlamiDa  used  at  Coventry  foi)  Sewage 


Precipitation. 
Sulphate  of  Alumina, 

1076 

Sulphate  of  Iron«            

-99 

Sulphate  of  Lime,           

'    -76 

Sulphate  of  Magnesia, 

'2-01 

Sulphate  of  Soda,           

4^ 

Sulphuric  Acid  (free), 

2-02 

Water, 

...        #1-84 

Insoluble  Matter,           

8732 

100-66 

Aln^nitip^ 


3-23 


Analtbib  of  Alumino-Ferric  Cake. 


Sulphate  of  Alumina,     

47-62* 

Sulphate  of  Iron,            

-58 

Sulphate  of  lime,          

-53 

Sulphate  of  Magnesia, 

;    -39 

Free  Sulphuric  Acid,     

1-04 

Insoluble  Matter,           

.     16 

Water,      

4931 

|l9-63 

'Containing  Alumina, 

14-30 

COMPOSITZON  OF  CALCINED  AlUM  ShALE^  HuKLBT. 

Soluble  Portion — 


Alumina,  ••• 
Peroxide  of  Iron, 
Lime,        -. 
Sulphuric  Add,  .. 
Insoluble  Portion— 
Alumina,  — 
Peroxide  of  Iron, 

Lime,        

Sulphuric  Acid,  .. 
Silica,       


•••      '  •. 


3-30 

9-90 

•67 

21-66 

9-73 

20*68 

1-26 

7-81 

24-72 

99-77 
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IV. — Opening  Address,     By  Datid  Thomson,  F.RLB.A., 
President  of  the  Architectural  SectiozL 


[Bead  «l  the  MeetiQg  of  the  Architectand  Seotioii,  8th  December,  1880.] 
OXNTLKMEN, 

Again  we  meet  to  begin  the  work  of  anotiier 
seflsion,  and  I  have  to  welcome  70a  to  oar  new  premises,  where, 
we  trust,  the  increased  comfort  will  lend  a  more  agreeable  aspect 
to  our  meetings,  and  tend  to  increase  our  numbers  and  attendance. 

When,  at  ihe  beginning  of  last  session,  I  endeavoured  to  lay 
before  you  a  sketch  of  our  aims  and  prospects  as  a  society,  I  waH 
hopeful  that  the  session  then  beginning  would  be  on^  of  great 
interest  and  uaefolnessy  and  that  the  anticipations  of  my  address 
would  be  more  than  realised  in  the  fruitfulness  of  the  session. 
The  success  of  last  session  was,  to  my  mind,  marved  only  by  the 
fewness  of  our  meetings,  for  the  meetings  themselves  were  good, 
and  the  papers  were  of  exceptionally  high  order,  and  our  thanks 
are  justly  due  to  the  contributors  of  those  papers,  especially  to 
the  strangers,  who  brought  before  us  subjects  of  great  interest, 
and  treated  them  in  such  a  way  as  to  impart  to  us  all  the  facts 
and  lessons  which  an  exhaustive  examination  of  the  subjects  was 
so  well  calculated  to  convey. 

Again  it  is  my  pleasing  duty,  this  evening,  to  address  you,  and 
I  trust  that  the  little  I  have  to  say  may  be  considered  appropriate 
to  the  occasion. 

In  selecting  a  subject  I  had  much  difficulty,  from  the 
abundance  of  the  matters  which  suggested  themselves,  but  after 
acme  hesitation  I  have  elected  to  ask  your  attention  to  a  few 
discursive  remarks  upon  the  more  public  buildings  of  Glasgow, 
with  special  reference  to  the  development  of  its  Classic  Archi- 
tecture. 

The  subject^  in  the  first  place,  seemed  a  suitable  one  for  aii 
opening  address;  in  the  second  place,  it  appeared  to  me  that 
Classic  Architecture  is  likely  soon  to  become  the  next  distraction 
of  that  volatile  portion  of  the  profession  who  seek  to  form  and 
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lead  the  fashion;  and,  lastly,  we  have  so  recently  had  such  a 
display  of  classic  design  in  all  its  types  and  developments,  that 
we  may  profitably  stop  to  consider  what  classic  art  is  in  its 
essentials,  and  what  are  the  characteristics  of  classic  art,  as 
hitherto  practised  in  this  city. 

In  looking  back  over  the  history  of  Architecture  in  Glasgow, 
our  attention  is  arrested  by  a  marked  change  in  the  style  of 
buildings  which  took  place  at  the  middle  of  the  last  century. 
Prior  to  this  time  the  Cathedral,  the  College,  the  Merchauts' 
House  in  the  Bridgegate,  the  Tolbooth  at  the  Cross,  and  the  Tron 
Church,  were  the  chief  architectural  objects  which  adorned  the 
city,  and,  considering  the  comparatively  small  trade  and  size  of  the 
town,  as  then  existing,  we  think  the  inhabitants  had  good  reason 
to  be  proud  of  their  town  and  its  buildings.  About  the  year 
1750  there  was  a  great  revival  in  the  building  trade.  The  trade  of 
the  town  had  been  largely  developed,  and  a  class  of  wealthy 
merchants  sprung  up  amongst  the  citizens,  who,  by  their  enterprise 
and  intelligence,  laid  the  foundation  of  our  present  greatness  and 
prosperity.  The  principal  merchants  then  took  an  active  interest 
in  municipal  affairs,  and  lived  mostly  within  the  city  bounds,  so 
that  we  find  the  names  of  the  successive  provosts  identified  with 
the  extension  and  improvement  of  the  town,  and  the  erection  of 
most  of  the  fine  houses  which  then  rose  to  mark  and  adorn  the 
newer  parts  of  the  city. 

With  the  increase  of  trade  an  extension  of  the  streets  became 
necessary,  and  the  magistrates  wisely  determined  on  the  extension 
of  Argyle  Street,  and  on  having  it  of  ample  width.  This  they  did 
by  causing  the  proprietors  to  keep  to  the  line  of  houses  as  then 
existing,  and  removing  the  yards,  middens,  and  other  unsightly 
objects  which  then  encumbered  the  ground,  between  the  houses 
and  the  public  roadway.  What  compensation  was  given  the  pro- 
prietors is  not  recorded,  but  we  may  suppose  that  they  were  left 
to  find  their  recompense  in  the  increased  value  of  their  properties, 
which  the  improvement  effected.  A  healthy  spirit  of  enterprise 
and  liberality  in  things  public  was  abroad,  and  we  find  that  those 
who  laid  off  new  streets,  and  the  wealthy  citizens  who  then  began 
the  erection  of  new  dwellings,  did  so  in  a  manner  which  must 
have  seemed  very  grand  and  extravagant  to  the  general  public. 

About  this  time  not  only  was  Argyle  Street  extended  to  Hope 
Street,  but  Glassford,  Virginia,  Miller,  Queen,  and  Ingram  Streets 
were  opened  up  and  built  on. 
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In  1756  St.  AndreVs  Church  was  finished,  having  oocupied 
17  years  in  its  erection,  and  taxing  to  the  utmost  the  resources  of 
the  Ck)rporation.  The  design  is  said  to  be  a  copy  of  St  Martin's 
Church,  London,  but  whether  this  was  intentional  or  no,  we  will 
not  now  discuss — the  resemblance  is  certainly  very  close;  but  all  we 
will  at  present  remark  on  this  point  is  that,  unless  the  full  size 
details  were  also  copied,  the  inference  from  them  would  be  that 
their  designer  was  no  tyro  or  amateur.  What  we  wish  chiefly  to 
note  is  that  the  style  of  Architecture  is  of  a  bold  rich  character, 
distinctly  Roman  in  its  motifs  large  in  its  parts,  ix)bust  in  its  pro- 
portions, with  strongly  marked  openings,  while  the  details  are  all 
in  harmony  with  these  characteristic&  The  necessity  laid  upon  the 
architect  of  including  galleries  on  three  sides  has  in  this,  as  in  all 
churches  of  this  type,  marred  the  unity  of  the  design.  The 
portico  being  the  full  height  of  the  side  walls,  and  of  one  order, 
does  not  harmonise  well  with  the  division  of  the  side  walls,  which 
are  in  two  storeys,  and  strongly  marked  by  two  tiers  of  windows; 
and  no  better  illustration  can  be  cited  of  the  injurious  effect  of 
fashion  upon  architecture.  Since  the  days  of  Palladio  and  Inigo 
Jones,  Classic  Architecture  had  been  praised  and  practised  with 
an  ardent  but  indiscriminating  zeal,  without  a  just  appreciation 
of  the  principles  which  pervade  and  are  expressed  by  the  style. 
Men  were  learned  in  all  the  forms  and  details  of  classic  work,  but 
overlooked  the  essential  unity  of  thought  which  pervaded  the 
works  of  the  ancients  from  base  to  apex — controlling  every  form 
and  moulding  every  feature  in  a  true  and  natural  relationship. 

I  do  not  think  it  would  be  just  to  lay  the  blame  of  all  the 
pedantry  in  Architecture,  which  resulted  from  the  rennaiacmce  in 
art^  to  the  examples  and  writings  of  Palladio,  and  the  other 
talented  men  associated  with  him  in  the  revival  of  Classic  Archi- 
tecture; for  certainly  we  can  detect  the  same  mistaken  spirit  at 
work  in  the  writings  of  Vitruviua  In  them  we  find  the  same 
pedantic  disquisitions  on  the  parts  and  proportions  of  the  several 
orders,  with  no  allusion  to  the  intent  and  artistic  aims  sought  to 
be  expressed,  no  indication  that  the  writer  had  comprehended  the 
unity  of  design  which  was  stamped  on  every  work  of  ancient  art, 
and  which  constitutes  their  essential  quality  and  cause  of  excellence. 
Architecture  is  the  aart  of  constructing  buildings  so  as  to  perform 
their  several  duties  in  a  natural  and  scientific  manner,  and  com- 
bining the  whole  into  one  complete  structure,  shapely  and  pleasing 
to  the  eye,  satisfying  our  sense  of  order  and  stability,  and,  by  its 
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enrichments,  gratifying  our  instinct  to  adorn  what  we  value  and 

Pedantry  in  art  consists  in  adopting  a  style  foreign  to  the 
native  art  of  the  period,  and  applying  the  borrowed  forms  without 
a  just  sense  of  their  appropriateness,  and  irrespective  of  the  altered 
conditions  and  requirements  of  the  time. 

The  demand  arose  for  a  new  church,  and,  with  a  fitting  r^ard 
for  the  increased  importance  of  the  City,  the  Town  Oouncil 
determined  on  the  erection  of  a  very  grand  edifice.  They  found 
that  in  London  many  handsome  city  churches  had  been  built  bj 
Wren,  Gibbs,  and  others,  and  thought  they  could  not  do  better 
than  have  a  design  of  a  like  kind,  and  in  the  fashion  then  pre- 
vailing there.  We  are  not  disposed  to  be  censorious,  yet  cannot 
refrain  from  expressing  regret  that  they  did  not  adopt  a  style 
more  indigenous  to  the  country.  When  we  look  at  the  buildings 
of  our  old  College,  with  its  grand  front  and  graceful  tower,  and  at 
the  steeples  at  the  Cross  and  the  Bridgegate — all  that  now  remains 
of  the  Tolbooth  and  the  old  Merchants'  House — we  feel  that  some- 
thing might  then  have  been  done  to  develop  a  style  of  architecture 
characteristic  of  the  country,  and  capable  of  adaptation  to  all  our 
requirements  in  the  most  natural  way,  and  at  the  same  time 
favourable  to  the  production  of  dignity  and  grandeur  of  effect. 

Virginia  Street  was  formed  in  1753,  Miller  Street  in  1771,  and 
Charlotte  Street  in  1790;  and  during  these  years  we  find  that 
many  fine  mansions  were  erected  in  them  by  the  chief  citizena 
In  all  of  them  we  find  a  similarity  of  style,  and  not  much  variety  of 
design ;  but  there  is  a  certain  air  of  elegance,  good  workmanship, 
and  finish  about  them,  which  reflects  credit  on  the  time.  The 
style  may  be  termed  Palladian,  being  similar  in  arrangement  to 
many  of  the  less  ornate  designs  of  that  architect;  but  we  seldom 
find  in  them  his  pedantic  application  of  pilasters  to  decorate  the 
j&i^ade,  and  divide  it  into  panels,  in  each  of  which  a  window  is 
placed,  nor  do  we  find  pilasters  embracing  more  than  one  storey 
in  height.  Where  the  orders  are  introduced,  they  decorate  and 
emphasise  the  doorways,  and,  by  the  projection  of  their  unbroken 
entablatures  and  pediments,  porch-like,  protect  the  entrance. 
We  find  in  these  old  bouses  careful  adjustment  of  the  relative 
proportions  of  openings  and  wall  spaces,  which  gives  pleasing 
relief  and  contrast  to  the  elevations ;  and  in  the  rusticated  base- 
ments and  quoined  corners  fitting  emphasis  is  found  for  these 
parts,  which,  with  the  precision  and  uniformity  of  arrangements 
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everywhere  carried  out,  lends  a  certain  air  of  quiet  dignity  to 
them,  which  more  ambitious  and  ornate  designs  often  fail  to  realisa 

The  details  of  the  orders,  when  used,  and  those  of  the  windows, 
oomices,  pediments — with  the  urns  or  vases  that  usually  decked 
tiie  wallheads — all  display  a  delicacy  and  refinement  which  could 
only  be  given  them  by  skilful  hands;  and  if  the  then  master- 
builders  were  also  the  architects  of  these  houses,  we  must  credit 
tiiem  with  a  knowledge,  taste,  and  skill  rarely  met  with  among 
tiie  modems.  At  the  present  time  the  question  has  been  frequently 
raised — Why  should  the  designing  and  the  constructing  of  buildings 
be  separate  pursuits,  and  would  not  a  return  to  the  old  practice 
be  conducive  to  the  development  of  a  style  in  architecture 
characteristic  of  the  time,  and  harmonising  with  all  the  ideas, 
progress,  and  knowledge  of  the  mechanical  arts,  which  so  greatly 
distinguishes  this  generation  % 

We  do  not  think  such  a  return  will  ever  be  possible,  but  we 
very  much  sympathise  with  the  desire  expressed  by  those  critics, 
when  they  advocate  a  return  to  a  style  of  building  which  will 
be  regulated  by  the  exigencies  of  the  time,  and  find  direct  and 
truthful  expression  in  the  external  and  internal  forms  of  its 
architecture,  for  only  then  can  architecture  again  become  a  living 
art  among  us. 

The  first  architect  whose  name  is  recorded  in  connection  with 
Glai^w  is  Sir  William  Bruce  of  Kinross,  who  designed  the  old 
Merchants'  House  and  Steeple  in  the  Bridgegate  in  1651. 

The  next  on  record  is  James  Jeffrey,  who  in  1780  built  old  St. 
Enoch's  Church.     The  only  part  of  his  work  now  remaining  is  the 
steeple,  and  from  it  we  would  judge  him  to  have  been  a  man  of 
ability  and  taste,  who  practised  in  the  Palladian  manner,  after  the 
example  of  Wren. 

The  Tontine  was  built  in  1781,  William  Hamilton  being  the 
architect,  and  in  this  design  he  displayed  much  taste  in  detail  and 
boldness  in  treatment.  The  lower  storey,  now  removed  or  rather 
converted  into  shops,  was  a  bold  rusticated  arcade,  the  keystones 
being  cut  with  grotesque  masks,  their  expressive  and  varied 
features  affording  much  amusement  to  the  younger  portion  of  the 
community  while  they  remained — they  may  be  considered  as 
^rpical  of  the  architectural  instincts  of  the  time,  and  reveal  the 
lack  of  sculptural  ability  at  the  architect's  command.  The  eleva- 
tion above  the  arcade  still  exists,  and  consists  of  a  series  of 
pilasters  embracing  two  storeys,  crowned  with  a  well-proportioned 
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ientablatare  and  balustrade,  the  piers  of  which  are  each  terminated 
with  richly-carved  urns. 

If  we  admit  the  propriety  of  pilasters  being  employed  as  orna- 
ments, whose  function  is  to  divide  the  front  into  compartments  of 
a  pleasing  shape,  and  to  form  a  setting  or  frame  for  the  windows, 
we  shall  be  highly  satisfied  with  this  design.  The  proportions  of 
the  openings  and  intercolumnations  are  all  excellent,  and  the  unity 
of  expression  which  pervades  the  whole,  regulating  and  moulding 
the  several  parts,  and  their  details,  produce  a  rich,  harmonious, 
and  effective  elevation,  equal  to  anything  in  the  style  we  have 
seen  in  this  country.  The  question  of  constructive  truthfulness 
had  not  then  been  raised,  and  no  attempt  was  made  to  give  direct 
expression  to  the  construction  in  architectural  designs.  The 
architects  were  then  content,  as  many  still  remain  satisfied,  in 
applying  the  forms  of  classic  art,  and  combining  or  compiling 
them,  with  a  view  to  produce  a  pleasing  and  pictorial  assemblage 
of  forms,  with  such  groupings  of  the  lights  and  shadows  as  will 
fill  and  satisfy  the  eye,  and  form  a  good  subject  for  an  effective 
drawing. 

You  will  not,  I  trust,  misunderstand  me  when  I  say  this,  or 
think  that  I  would  undervalue  those  qualities  in  architectural 
composition  which  go  to  make  subjects  for  effective  drawings. 
What  I  wish  to  indicate  is,  that  designs  in  this  manner  possess  no 
higher  qualities  than  works  of  imitative  art,  and  are  awanting  in 
those  higher  qualities  of  spontaneous  development  and  truthful 
expression  which  we  find  so  completely  pervading  all  the  works 
of  classic  and  mediaeval  times. 

In  the  years  1791,  '92,  and  '96  three  important  buildings  were 
erected  in  Glasgow,  from  designs  of  the  brothers  Adams,  viz.,  the 
Trades'  Hall,  the  Royal  Infirmary,  and  the  Assembly  Rooms,  now 
the  Athenaeum.  These  celebrated  and  accomplished  architects 
were  much  employed  all  over  the  country,  and  their  works  had  an 
influence  for  good  on  the  taste  of  the  period.  Though  their  designs 
all  have  a  strong  family  resemblance,  yet  in  each  will  be  found 
ample  evidence  of  careful  consideration,  and  such  diversity  of 
treatment  as  to  indicate  the  purpose  of  the  structure  and  to 
demonstrate  the  flexibility  of  the  style.  In  the  Trades'  Hall  and 
Athenaeum  we  have  two  designs  for  buildings  having  the  like 
purpose  to  fulfil — viz.,  to  provide  a  large  hall  for  public  meetings, 
with  suitable  accessories — and  while  both  have  their  entrance  in 
the  centre  of  their  front,  through  a  rusticated  basement  storey. 
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and  their  entire  front  above  occupied  by  their  public  halls,  yet  the 
designs  are  each  marked  by  strong  peculiarities  of  treatment  In 
the  Trades'  Hall  the  centre  is  but  slightly  advanced  and  enriched 
by  a  portico  of  coupled  columns,  with  pediment,  marking  the  centre 
firmly ;  but,  beyond  this,  the  effect  of  the  design  above  basement 
is  mainly  dependent  on  the  three  large  Venetian  windows,  which 
mark  the  centre  and  two  wings.  There  is  no  attempt  to  add 
richness  to  the  &ont  by  the  introduction  of  needless  pilasters,  and 
the  orders  are  used  only  to  form  the  upper  portico  or  balcony, 
and  to  divide  the  laige  Venetian  windows,  where  they  appro- 
priately carry  the  lintels. 

We  could  have  wished  that  more  richness  had  been  given  to  this 
design  by  adding  moulded  decorations  to  the  sides  and  arches  of 
the  large  windows,  which  to  us  do  seem  somewhat  bold;  but,  we 
suppose,  the  architect  did  not  so  much  aim  at  richness  of  effect  as  at 
graceful  composition  of  forms  and  pleasing  contrast  of  light  and 
shade.  We  fancy  also  that,  as  the  elevation  was  towards  the  east, 
they  considered  the  slanting  light  of  the  forenoon  sun  would  give' 
length  to  the  shadows,  and  increase  the  contrast  between  the 
solids  and  the  voida  At  anyrate,  we  find  that  when  they  came  to 
design  the  Athenaeum,  with  its  southern  front,  and  less  elungated 
shadows,  they  adopted  bolder  projections  and  more  varied  forms. 
In  the  elevation  of  this  building  the  orders  are  introduced  as  a 
chief  element  in  the  design. 

There  is  more  display  of  decorative  treatment  here  than  in  the 
Trades'  Hall,  but  still  we  find  the  same  thinness  of  detail  and 
delicacy  of  proportion  prevails  over  every  form  in  each  of  the 
buildings,  and  is  carried  into  every  detail  of  moulding  and  sculptured 
decoration,  while  about  the  whole  there  is  an  air  of  culture  and 
refinement  which  we  may  well  believe  characterised  these  accom- 
plished architects.  The  Infirmary  is  of  a  plainer  ca.ste  of  design, 
and  much  injured  in  aspect  by  the  removal  of  a  large  plateau, 
which  existed  formerly,  and  permitted  of  the  upper  part  of  base- 
ment only  being  seen.  The  basement,  as  now  exposed,  looks  ridicul- 
ously high,  and  takes  away  from  the  prominence  due  to  the  first 
floor  a  prominence  it  once  possessed.  The  dome  over  the  centre 
part  of  this  building  was,  I  think,  the  first  erected  in  Glasgow ; 
and  we  may  here  note  that  it  is  not  here  introduced  merely  to  add 
a  feature  to  the  building,  but  as  a  very  fit  and  suitable  covering 
to  an  operation-room. 

These  architects  were  much  noted  for  the  graceful  proportion 
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fhej  save  to  their  interiois  and  the  dqpuii  chi 


iwmid  oar  ttadj. 
thoa^  of  Italian  Bimti§mmm  ilffsign,  aie 
in  tneir  chaiacter  and  detail,  bat  much  of  the  eflfeci 
iratioQa  is  lost  by  the  style  of  painting  mdopCad. 
Were  the  dear,  primary  colours  of  Pompeian  deeormtioii  applied, 
instead  of  the  oold  stone  or  warm  drab  ocdonra^  theoe  halls  woold 
still  attract  more  attention  and  praise. 

In  1804  the  Hnnterian  Mosenm  was  bailt»  aiMl  ita  tareeikm 
showed  that  Gla^^w  possessed  in  William  Stark  a  nadve  ardiitect» 
qualified  to  design  in  the  purest  style  of  dassic  art^  as  tlien  under- 
stood, and  to  bring  to  its  development  a  mind  lich  in  inTentiTe 
fiftculty,  bold  in  concepti<xiy  and  dignified  in  expression.  Mr. 
Stark's  other  important  works  are  St.  George's  Chorchy  built  in 
1807,  and  the  Asylum,  and  the  Jail,  built  in  1810. 

If  we  compare  these  buildings  with  those  of  the  brothera  Adams, 

we  ^ill  observe  a  marked  diange  in  the  expresnon.     Instead  ol  a 

diaste,  delicate  treatment,  indining  to  weakness,  we  ha^e  a  bold 

dignified  expressi^m,  full  of  manly  vigour,  more  in  aooovd  with  the 

old   Roman  manner  of  building  than  with  the  work  of  the  move 

dainty  men   of    the  Italian   Renaiasance.      The    Mnaenm 

perhaps  the  most  perfect  of  his  works,  and  displayed  a   ki 

sense  of  the  pladdity  and  grace  whidi  pervades  dassic  art;  the 

portico  was   of    exquisite    proportions,    and    fittingly    marked, 

sheltered,  and  adorned  the  entrance,  while  the  dome  crowned  the 

whole  edifice,  giving  to  it  gnM»  and  uni^,  without  lessening  the 

expression  of  solidity,  endurance,  and  repose,  qualities  *»«i*w^^«l  in 

dassic  art,  and  more  requisite  still  to  give  appropriate  chaiacter 

to  a  Museum. 

In  the  design  for  St.  George's  Church,  SUrk  attempted  to  adapt 
classic  forms  to  the  mediKvml  campanile;  and  though  we  tlii«V 
that  he,  and  all  others  who  made  the  same  attempt,  &iled  to 
carry  out  in  it  the  true  principles  of  classic  art,  vet  we  cannot  bat 
applaud  the  vigour  and  invention  dispUyed  ii  this  design,  and 
the  fine  gradation  of  ouUine  and  detail  which  j^  to  form  in  it 
one  of  the  best  examples  of  the  campanile  which  thia  coontiy 
posseasea  To  see  this  design  to  advantage,  we  must  place  cur- 
sives m  fiont,  or  at  some  considerable  distance  above  or  below  it. 
in  Buchanan  Stxve^  so  that  the  adjoining  buUdings,  shut  oiTt 
of  view  the  cWh  proper  b^d  it  FW  either  of  these  points, 
we  shall  find  that  the  gradauon  and  gnniping  of  the  ^-arious^arS 
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from  pavemeat  to  apex,  bare  all  been  oarefally  calculated  and 
boldljr  expresned,  producing  a  rich  and  harmoniouB  effect — ^pictorial 
in  a  high  degree — ^the  stately  breadth  and  boldness  of  the  forms, 
and  the  play  of  lights  and  shadows  they  produce  at  all  times  of  the 
day,  combine  to  display  effects  of  great  dignity  and  richness,  beside 
which  any  purely  Grothic  spire  of  like  dimensions  would  seem  weak 
and  subdued.     While  saying  all  this,  we  must  not  fail  to  notice 
the  disregard  of  the  wholesome  restraints  of  classic  art  shown  in 
the  composition  of  the  lower  part  of  the  elevation,  where  the  great 
three-quarter  columns  are  introduced,  forming  piers  in  buttress- 
ftahion,  while  the  entablature  is  broken  round  them  in  true  Gk>thic 
manner.    Above  this  the  oAers  are  all  but  dispensed  with  till  the 
lantern  part  is  reached,  where  they  are  suitably  employed  to  carry 
the  entabUtore  and  dome,  which  terminates  the  whole.     Here  we 
see  the  injurious  effect  of  the  adoption  of  a  style  not  the  product 
of  the  age,  and  of  employing  borrowed  forms  without  a  rearrange- 
ment of  the  details,  to  suit  the  altered  conditions  of  the  situation. 
We  could  have  wished  that,  instead  of  using  the  conventional 
order,  the  architect  had  set  himself  to  design  a  pier  suitable  for 
the  purpose,  for  we  do  not  doubt  but  that  his  genius  was  quite 
capable  of  successfully  solving  the  difficulty  had  the  idea  presented 
'^salf  to  his  mind ;  but  it  is  very  difficult  for  even  the  best  of  men 
^  be  much  in  advance  of  their  time,  and  the  fashion  then  was  to 
''^psoduce  the  forms  of  classic  art  with  strict  fidelity  to  its  pro- 
"^^^^^""tiona  and  details,  the  great  aim  being  to  make  it  look  as  like 
^^^    old  work  as  possible,  and  not  the  outcome  of  the  native  mind. 
Asylum  in  Parliamentary  Road,  now  the  City  Poorhouse, 
^_  jlays  in  its  distribution  of  parts  a  bold  simplicity  of  treatment, 
»w^^-^xh  gives  grace  and  dignity  of  effect  to  a  somewhat  plain  design. 
^^^  ^re  is  but  little  of  decorative  detail  to  indicate  a  style,  yet  no 
hesitates  to  call  it  classic,  or  to  admire  the  outline  of  its 
dome.     In  the  same  year,  1810,  Stark  also  built  the  Jail; 
,  while  we  cannot  but  approve  of  the  breadth,  boldness,  and 
ly  harmonioua  rendering  of  the  design,  we  feel  the  incon- 
Lty  produced  by  placing  a  portico  of  such  stately  proportions 
^"^NH^t  of  a  building  divided  into  several  floors,  with  their  tiers 
>penings.     To  overcome  the  defect,  we  find  he  has  given  in- 
depth  to  the  centre  part  of  front,  thus  deepening  the  shade 
the  portico  and  strengthening  its  relief,  and  by  this  means 
\f^    "%a8  well-nigh  succeeded  in  overcoming  the  distracting  effect  of 
^'^^  numerous  small  openings  which  he  was  obliged  to  introduce. 
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IV. — Opening  Address,     By  Datid  Thomson,  F.R.LB.A., 
President  of  the  Architectural  Section. 


[Retd  at  the  Meeting  of  the  Architecttml  SeotioD,  ath  December,  1880.] 
GSNTLIMEK, 

Again  we  meet  to  begin  the  work  of  another 
session,  and  I  have  to  welcome  you  to  our  new  premises,  where, 
we  trust,  the  increased  comfort  will  lend  a  more  agreeable  aspect 
to  our  meetings,  and  tend  to  increase  our  numbers  and  attendance. 

When,  at  the  beginning  of  last  session,  I  endeavoured  to  lay 
before  you  a  sketch  of  our  aims  and  prospects  as  a  society,  I  wan 
hopeful  that  the  session  then  beginning  would  be  on^  of  great 
interest  and  usefulness,  and  that  the  anticipations  of  my  address 
would  be  more  than  realised  in  the  fruitfulness  of  the  session. 
The  success  of  last  session  was,  to  my  mind,  marved  only  by  the 
fewness  of  our  meetings,  for  the  meetings  themselves  were  good, 
and  the  papers  were  of  exceptionally  high  order,  and  our  thanks 
are  justly  due  to  the  contributors  of  those  papers,  especially  to 
ihe  strangers,  who  brought  before  us  subjects  of  great  interest, 
and  treated  them  in  such  a  way  as  to  impart  to  us  all  the  fieu^ts 
and  lessons  which  an  exhaustive  examination  of  the  subjects  was 
so  well  calculated  to  convey. 

Again  it  is  my  pleasing  duty,  this  evening,  to  address  you,  and 
I  ^rust  that  the  little  I  have  to  say  may  be  considered  appropriate 
to  the  occasion. 

In  selecting  a  subject  I  had  much  difficulty,  from  the 
abundance  of  the  matters  which  suggested  themselves,  but  after 
some  hesitation  I  have  elected  to  ask  your  attention  to  a  few 
discursive  remarks  upon  the  more  public  buildings  of  Glasgow, 
with  special  reference  to  the  development  of  its  Classic  Archi- 
tecture. 

The  subject^  in  the  first  place,  seemed  a  suitable  one  for  an 
opening  address;  in  the  second  place,  it  appeared  to  me  that 
Classic  Architecture  is  likely  soon  to  become  the  next  distraction 
of  that  volatile  portion  of  the  profession  who  seek  to  form  and 
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lead  tlie  feshion;  and,  lastly,  we  have  so  recently  had  Huch  a 
display  of  classic  design  in  all  its  types  and  developments,  that 
we  may  profitably  stop  to  consider  what  classic  art  is  in  its 
essentials,  and  what  are  the  characteristics  of  classic  art,  as 
hitherto  practised  in  this  city. 

In  looking  back  over  the  history  of  Architecture  in  Glasgow, 
our  attention  is  arrested  by  a  marked  change  in  the  style  of 
buildings  which  took  place  at  the  middle  of  the  last  century. 
Prior  to  this  time  the  Cathedral,  the  College,  the  Merchauts' 
House  in  the  Bridgegate,  the  Tolbooth  at  the  Cross,  and  the  Tron 
Church,  were  the  chief  architectural  objects  which  adorned  the 
city,  and,  considering  the  comparatively  small  trade  and  size  of  the 
town,  as  then  existing,  we  think  the  inhabitants  had  good  reason 
to  be  proud  of  their  town  and  its  buildings.  About  the  year 
1750  there  was  a  great  revival  in  the  building  trade.  The  trade  of 
the  town  had  been  largely  developed,  and  a  class  of  wealthy 
merchants  sprung  up  amongst  the  citizens,  who,  by  their  enterprise 
and  intelligence,  laid  the  foundation  of  our  present  greatness  and 
prosperity.  The  principal  merchants  then  took  an  active  interest 
in  municipal  afiairs,  and  lived  mostly  within  the  city  bounds,  so 
that  we  find  the  names  of  the  successive  provosts  identified  with 
tiie  extension  and  improvement  of  the  town,  and  the  erection  of 
most  of  the  fine  houses  which  then  rose  to  mark  and  adorn  the 
newer  parts  of  the  city. 

With  the  increase  of  trade  an  extension  of  the  streets  became 
necessary,  and  the  magistrates  wisely  determined  on  the  extension 
of  Argyle  Street,  and  on  having  it  of  ample  width.  This  they  did 
by  causing  the  proprietors  to  keep  to  the  line  of  houses  as  then 
existing,  and  removing  the  yards,  middens,  and  other  iinsightly 
objects  which  then  encumbered  the  ground,  between  the  houses 
and  the  public  roadway.  What  compensation  was  given  the  pro- 
prietors is  not  recorded,  but  we  may  suppose  that  they  were  left 
to  find  their  recompense  in  the  increased  value  of  their  properties, 
which  th^  improvement  effected.  A  healthy  spirit  of  enterprise 
and  liberality  in  things  public  was  abroad,  and  we  find  that  those 
who  laid  off  new  streets,  and  the  wealthy  citizens  who  then  b^;au 
the  erection  of  new  dwellings,  did  so  in  a  manner  which  must 
have  seemed  very  grand  and  extravagant  to  the  general  public. 

About  this  time  not  only  was  Argyle  Street  extended  to  Hope 
Street,  but  Glassford,  Virginia,  Miller,  Queen,  and  Ingram  Streets 
were  opened  up  and  built  on. 
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In  1756  St.  AndreVs  Church  was  finished,  having  oocupied 
17  years  in  its  erection,  and  taxing  to  the  utmost  the  resources  of 
the  Corporation.  The  design  is  said  to  be  a  copy  of  St  Martin's 
Church,  London,  but  whether  this  was  intentional  or  no,  we  will 
not  now  discuss — the  resemblance  is  certainly  very  close;  but  all  we 
will  at  present  remark  on  this  point  is  that,  unless  the  full  size 
details  were  also  copied,  the  inference  from  them  would  be  that 
their  designer  was  no  tyro  or  amateur.  What  we  wish  chiefly  to 
note  is  that  the  style  of  Architecture  is  of  a  bold  rich  character, 
distinctly  Roman  in  its  motifs  large  in  its  parts,  robust  in  its  pro- 
portions, with  strongly  marked  openings,  while  the  details  are  all 
in  harmony  with  these  characteristic&  The  necessity  laid  upon  the 
architect  of  including  galleries  on  three  sides  has  in  this,  as  in  all 
churches  of  this  type,  marred  the  unity  of  the  design.  The 
portico  being  the  full  height  of  the  side  walls,  and  of  one  order, 
does  not  harmonise  well  with  the  division  of  the  side  walls,  which 
are  in  two  storeys,  and  strongly  marked  by  two  tiers  of  windows; 
and  no  better  illustration  can  be  cited  of  the  injurious  effect  of 
fashion  upon  architecture.  Since  the  days  of  Palladio  and  Inigo 
Jones,  Classic  Architecture  had  been  praised  and  practised  with 
an  ardent  but  indiscriminating  zeal,  without  a  just  appreciation 
of  the  principles  which  pervade  and  are  expressed  by  the  style. 
Men  were  learned  in  all  the  forms  and  details  of  classic  work,  but 
overlooked  the  essential  unity  of  thought  which  pervaded  the 
works  of  the  ancients  from  base  to  apex--controlling  every  form 
and  moulding  every  feature  in  a  true  and  natural  relationship. 

I  do  not  think  it  would  be  just  to  lay  the  blame  of  all  the 
pedantry  in  Architecture,  which  resulted  from  the  rennaisance  in 
arty  to  the  examples  and  writings  of  Palladio,  and  the  other 
talented  men  associated  with  him  in  the  revival  of  Classic  Archi- 
tecture; for  certainly  we  can  detect  the  same  mistaken  spirit  at 
work  in  the  writings  of  Vitruvius.  In  them  we  find  the  same 
pedantic  disquisitions  on  the  parts  and  proportions  of  the  several 
orders,  with  no  allusion  to  the  intent  and  artistic  aims  sought  to 
be  expressed,  no  indication  that  the  writer  had  comprehended  the 
unity  of  design  which  was  stamped  on  every  work  of  ancient  art, 
and  which  constitutes  their  essential  quality  and  cause  of  excellence. 
Architecture  is  the  art  of  constructing  buildings  so  as  to  perform 
their  several  duties  in  a  natural  and  scientific  manner,  and  com- 
bining the  whole  into  one  complete  structure,  shapely  and  pleasing 
to  the  eye,  satisfying  our  sense  of  order  and  stability,  and,  by  its 
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enrichmentB,  gratifying  our  instinct  to  adorn  what  we  value  and 

pUBOCDBb 

Pedantry  in  art  consists  in  adopting  a  style  foreign  to  the 
native  art  of  the  period,  and  applying  the  borrowed  forms  without 
a  just  sense  of  their  appropriateness,  and  irrespective  of  the  altered 
conditions  and  requirements  of  the  time. 

The  demand  arose  for  a  new  church,  and,  with  a  fitting  regard 
for  the  increased  importance  of  the  City,  the  Town  Council 
determined  on  the  erection  of  a  very  grand  edifice.  They  found 
that  in  London  many  handsome  city  churches  had  been  built  by 
Wren,  Gibbs,  and  others,  and  thought  they  could  not  do  better 
than  have  a  design  of  a  like  kind,  and  in  the  fashion  then  pre- 
vailing there.  We  are  not  disposed  to  be  censorious,  yet  cannot 
refrain  from  expressing  regret  that  they  did  not  adopt  a  style 
more  indigenous  to  the  country.  When  we  look  at  the  buildings 
of  our  old  College,  with  its  grand  front  and  graceful  tower,  and  at 
the  steeples  at  the  Cross  and  the  Bridgegate — all  that  now  remains 
of  the  Tolbooth  and  the  old  Merchants'  House — we  feel  that  some- 
thing might  then  have  been  done  to  develop  a  style  of  architecture 
characteristic  of  the  country,  and  capable  of  adaptation  to  all  our 
requirements  in  the  most  natural  way,  and  at  the  same  time 
favourable  to  the  production  of  dignity  and  grandeur  of  effect 

Virginia  Street  was  formed  in  1753,  Miller  Street  in  1771,  and 
Charlotte  Street  in  1790;  and  during  these  years  we  find  that 
many  fine  mansions  were  erected  in  them  by  the  chief  citizens. 
In  all  of  them  we  find  a  similarity  of  style,  and  not  much  variety  of 
design ;  but  there  is  a  certain  air  of  elegance,  good  workmanship^ 
and  finish  about  them,  which  reflects  credit  on  the  time.  The 
style  may  be  termed  Palladian,  being  similar  in  arrangement  to 
many  of  the  less  ornate  designs  of  that  architect;  but  we  seldom 
find  in  them  his  pedantic  application  of  pilasters  to  decorate  the 
j&i^ade,  and  divide  it  into  panels,  in  each  of  which  a  window  is 
placed,  nor  do  we  find  pilasters  embracing  more  than  one  storey 
in  height  Where  the  orders  are  introduced,  they  decorate  and 
emphasise  the  doorways,  and,  by  the  projection  of  their  unbroken 
entablatures  and  pediments,  porch-like,  protect  the  entranoe. 
We  find  in  these  old  houses  careful  adjustment  of  the  relative 
proportions  of  openings  and  wall  spaces,  which  gives  pleasing 
relief  and  contrast  to  the  elevations ;  and  in  the  rusticated  base 
ments  and  quoined  comers  fitting  emphasis  is  found  for  these 
parts,  which,  with  the  precision  and  uniformity  of  arrangements 
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everywhere  carried  out,  lends  a  certain  air  of  quiet  dignity  to 
them,  which  more  ambitious  and  ornate  designs  often  fail  to  realisa 

The  details  of  t^e  orders,  when  used,  and  those  of  the  windows, 
oomices,  pediments — with  the  urns  or  vases  that  usually  decked 
the  wallheads — all  display  a  delicacy  and  refinement  which  could 
cxnlj  be  given  them  by  skilful  hands;  and  if  the  then  master- 
builders  were  also  the  architects  of  these  houses,  we  must  credit 
them  with  a  knowledge,  taste,  and  skill  rarely  met  with  among 
the  moderns.  At  the  present  time  the  question  has  been  frequently 
raised — Why  should  the  designing  and  t^e  constructing  of  buildings 
be  separate  pursuits,  and  would  not  a  return  to  the  old  practice 
be  conducive  to  the  development  of  a  style  in  architecture 
characteristic  of  the  time,  and  harmonising  with  all  the  ideas, 
progress,  and  knowledge  of  the  mechanical  arts,  which  so  greatly 
distinguishes  this  generation  1 

We  do  not  think  such  a  return  will  ever  be  possible,  but  we 
very  much  sympathise  with  the  desire  expressed  by  those  critics, 
when  they  advocate  a  return  to  a  style  of  building  which  will 
be  regulated  by  the  exigencies  of  the  time,  and  find  direct  and 
truthful  expression  in  the  external  and  internal  forms  of  its 
architecture,  for  only  then  can  architecture  again  become  a  living 
art  among  u& 

The  first  architect  whose  name  is  recorded  in  connection  with 
Glasgow  is  Sir  William  Bruce  of  Kinross,  who  designed  the  old 
Merchants'  House  and  Steeple  in  the  Bridgegate  in  1651. 

The  next  on  record  is  James  Jeffrey,  who  in  1780  built  old  St. 
Cnoch's  Church.     The  only  part  of  his  work  now  remaining  is  the 
steeple,  and  from  it  we  would  judge  him  to  have  been  a  man  of 
ability  and  taste,  who  practised  in  the  Palladian  manner,  after  the 
example  of  Wren. 

The  Tontine  was  built  in  1781,  William  Hamilton  being  the 
architect,  and  in  this  design  he  displayed  much  taste  in  detail  and 
boldness  in  treatment.  The  lower  storey,  now  removed  or  rather 
converted  into  shops,  was  a  bold  rusticated  arcade,  the  keystones 
being  cut  with  grotesque  masks,  their  expressive  and  varied 
features  affording  much  amusement  to  the  younger  portion  of  the 
oommunity  while  they  remained — they  may  be  considered  as 
Qrpical  of  the  architectural  instincts  of  the  time,  and  reveal  the 
lack  of  sculptural  ability  at  the  architect's  command.  The  eleva- 
tion above  t^e  arcade  still  exists,  and  consists  of  a  series  of 
pilasters  embracing  two  storeys,  crowned  with  a  well-proportioned 
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entublature  and  balustrade,  the  piers  of  which  are  each  terminated 
with  richly-carved  urns. 

If  we  admit  the  propriety  of  pilasters  being  employed  as  oma- 
mentSy  whose  function  is  to  divide  the  front  into  compartments  of 
a  pleasing  shape,  and  to  form  a  setting  or  frame  for  the  windows, 
we  shall  be  highly  satisfied  with  this  design.  The  proportions  of 
the  openings  and  intercolumnations  are  all  excellent,  and  the  unity 
of  expression  which  pervades  the  whole,  regulating  and  moulding 
the  several  parts,  and  their  details,  produce  a  rich,  harmonious, 
and  effective  elevation,  equal  to  anything  in  the  style  we  have 
seen  in  this  country.  The  question  of  constructive  truthfulness 
had  not  then  been  raised,  and  no  attempt  was  made  to  give  direct 
expression  to  the  construction  in  architectural  designa  The 
architects  were  then  content,  as  many  still  remain  satisfied,  in 
applying  the  forms  of  classic  art,  and  combining  or  compiling 
them,  with  a  view  to  produce  a  pleasing  and  pictorial  assemblage 
of  forms,  with  such  groupings  of  the  lights  and  shadows  as  will 
fill  and  satisfy  the  eye,  and  form  a  good  subject  for  an  effective 
drawing. 

You  will  not^  I  trust,  misimderstand  me  when  I  say  this,  or 
think  that  I  would  undervalue  those  qualities  in  architectural 
composition  which  go  to  make  subjects  for  effective  drawings. 
What  I  wish  to  indicate  is,  that  designs  in  this  manner  possess  no 
higher  qualities  than  works  of  imitative  art,  and  are  awanting  in 
those  higher  qualities  of  spontaneous  development  and  truthful 
expression  which  we  find  so  completely  pervading  all  the  works 
of  classic  and  mediaeval  times. 

In  the  years  1791,  '92,  and  '96  three  important  buildings  were 
erected  in  Glasgow,  from  designs  of  the  brothers  Adams,  viz.,  the 
Trades'  Hall,  the  Royal  Infirmary,  and  the  Assembly  Kooms,  now 
the  Athenaeum.  These  celebrated  and  accomplished  architects 
were  much  employed  all  over  the  country,  and  their  works  had  an 
influence  for  good  on  the  taste  of  the  period.  Though  their  designs 
all  have  a  strong  family  resemblance,  yet  in  each  will  be  found 
ample  evidence  of  careful  consideration,  and  such  diversity  of 
treatment  as  to  indicate  the  purpose  of  the  structure  and  to 
demonstrate  the  flexibility  of  the  style.  In  the  Trades'  Hall  and 
Athenaeum  we  have  two  designs  for  buildings  having  the  like 
purpose  to  fulfil — viz.,  to  provide  a  large  hall  for  public  meetings, 
with  suitable  accessories — and  while  both  have  their  entrance  in 
the  centre  of  their  front,  through  a  rusticated  basement  storey. 
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and  their  entire  front  above  occupied  by  their  public  balls,  yet  the 
designs  are  each  marked  by  strong  peculiarities  of  treatment  In 
the  Trades'  Hall  the  centre  is  but  slightly  advanced  and  enriched 
by  a  portico  of  coupled  columns,  with  pediment,  marking  the  centre 
firmly ;  but,  beyond  this,  the  effect  of  the  design  above  basement 
is  mainly  dependent  on  the  three  large  Venetian  windows,  which 
mark  the  centre  and  two  wings.  There  is  no  attempt  to  add 
richness  to  the  front  by  the  introduction  of  needless  pilasters,  and 
the  orders  are  used  only  to  form  the  upper  portico  or  balcony, 
and  to  divide  the  lai^  Venetian  windows,  where  they  appro- 
priately carry  the  lintels. 

We  could  have  wished  that  more  richness  had  been  given  to  this 
design  by  adding  moulded  decorations  to  the  sides  and  arches  of 
the  large  windows,  which  to  us  do  seem  somewhat  bold;  but,  we 
suppose,  the  architect  did  not  so  much  aim  at  richness  of  effect  as  at 
graceful  composition  of  forms  and  pleasing  contrast  of  light  and 
shade.  We  fancy  also  that,  as  the  elevation  was  towards  the  east, 
they  considered  the  slanting  light  of  the  forenoon  sun  would  give' 
length  to  the  shadows,  and  increase  the  contrast  between  the 
solids  and  the  voids.  At  anyrate,  we  find  that  when  they  came  to 
design  the  Athenseum,  with  its  southern  front,  and  less  elongated 
shadows,  they  adopted  bolder  projections  and  more  varied  forms. 
In  the  elevation  of  this  building  the  orders  are  introduced  as  a 
chief  element  in  the  design. 

There  is  more  display  of  decorative  treatment  here  than  in  the 
Trades'  Hall,  but  still  we  find  the  same  thinness  of  detail  and 
delicacy  of  proportion  prevails  over  every  form  in  each  of  the 
buildings,  and  is  carried  into  every  detail  of  moulding  and  sculptured 
decoration,  while  about  the  whole  there  is  an  air  of  culture  and 
refinement  which  we  may  well  believe  characterised  these  accom- 
plished architects.  The  Infirmary  is  of  a  plainer  caHte  of  design, 
and  much  injured  in  aspect  by  the  removal  of  a  large  plateau, 
which  existed  formerly,  and  permitted  of  the  upper  part  of  base- 
ment only  being  seen.  The  basement,  as  now  exposed,  looks  ridicul- 
ously high,  and  takes  away  from  the  prominence  due  to  the  first 
floor  a  prominence  it  once  possessed.  The  dome  over  the  centre 
part  of  this  building  was,  I  think,  the  first  erected  in  Glasgow ; 
and  we  may  here  note  that  it  is  not  here  introduced  merely  to  add 
a  feature  to  the  building,  but  as  a  very  fit  and  suitable  covering 
to  an  operation-room. 

These  architects  were  much  noted  for  the  graceful  proportion 
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they  gave  to  their  interiors  and  the  el^ant  character  of  their 
decorationSy  and  in  these  respects  they  still  reward  our  atudj. 
These  decorations^  though  of  Italian  JUnaiManoe  design,  are 
Pompeian  in  their  character  and  detail,  but  much  of  the  effect 
oC  the  interior  decorations  is  lost  by  the  style  of  painting  adopted. 
Were  the  clear,  primary  colours  of  Pompeian  decoration  applied, 
instead  of  the  cold  stone  or  warm  drab  colours,  these  haUs  would 
still  attract  more  attention  and  praiaa 

In  1804  the  Hunterian  Museum  was  built^  and  its  erection 
showed  that  Glasgow  possessed  in  William  Stark  a  native  architect^ 
qualified  to  design  in  the  purest  style  of  classic  art,  as  then  undm^ 
stood,  and  to  bring  to  its  development  a  mind  rich  in  inventive 
faculty,  bold  in  conception,  and  dignified  in  expreasion.  Mr. 
Btark's  other  important  works  are  St.  Creorge's  Church,  built  in 
1807,  and  the  Asylum,  and  the  Jail,  built  in  1810. 

If  we  compare  these  buildings  with  those  of  the  brothers  Adams, 
we  will  observe  a  marked  change  in  the  expression.  Instead  of  a 
•chaste,  delicate  treatment,  inclining  to  weakness,  we  have  a  bold 
dignified  expression,  full  of  manly  vigour,  more  in  accord  with  the 
old  Roman  manner  of  building  than  with  the  work  of  the  more 
dainty  men  of  the  Italian  Renaissance.  The  Museum  was 
perhaps  the  most  perfect  of  his  works,  and  displayed  a  keener 
sense  of  the  placidity  and  grace  which  pervades  classic  art;  the 
portico  was  of  exquisite  proportions,  and  fittingly  marked, 
sheltered,  and  adorned  the  entrance,  while  the  dome  crowned  the 
whole  edifice,  giving  to  it  grace  and  unity,  without  lessening  the 
expression  of  solidity,  endurance,  and  repose,  qualities  essential  in 
<das8ic  art,  and  more  requisite  still  to  give  appropriate  character 
to  a  Museum. 

In  the  design  for  St  (xeorge's  Church,  Stark  attempted  to  adapt 
classic  forms  to  the  mediaeval  campanile;  and  though  we  think 
that  he,  and  all  others  who  made  the  same  attempt,  failed  to 
carry  out  in  it  the  true  principles  of  classic  art,  yet  we  cannot  bat 
applaud  the  vigour  and  invention  displayed  in  this  design,  and 
the  fine  gradation  of  outline  and  detail  which  go  to  form  in  it 
one  of  the  best  examples  of  the  campanile  which  this  country 
possesses.  To  see  this  design  to  advantage,  we  must  place  our- 
selves in  front,  or  at  some  considerable  distance  above  or  below  it^ 
in  Buchanan  Street,  so  that  the  adjoining  buildings,  shut  out 
of  view  the  church  proper  behind  it.  From  either  of  these  points, 
we  shall  find  that  the  gradation  and  grouping  of  the  various  parts, 
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from  pavement  to  apex,  have  all  been  carefally  calculated  and 
boldly  expreeRod,  producing  a  rich  and  harmonious  effect — ^pictorial 
in  a  high  degree — ^ihe  stately  breadth  and  boldness  of  the  forms, 
and  the  play  of  lights  and  shadows  they  produce  at  all  times  of  the 
day,  combine  to  display  effects  of  great  dignity  and  richness,  beside 
which  any  purely  €k>thic  spire  of  like  dimensions  would  seem  weak 
and  subdued.  While  saying  all  this,  we  must  not  &il  to  notice 
the  disregard  of  the  wholesome  restraints  of  classic  art  shown  in 
the  composition  of  the  lower  part  of  the  elevation,  where  the  great 
three-quarter  columns  are  introduced,  forming  piers  in  buttress- 
fashion,  while  the  entablature  is  broken  round  them  in  tnie  Gothic 
manner.  Above  this  the  oAers  are  all  but  dispensed  with  till  the 
lantern  part  is  reached,  where  they  are  suitably  employed  to  carry 
the  entabUtare  and  dome,  which  terminates  the  whola  Here  we 
see  the  injurious  effect  of  the  adoption  of  a  style  not  the  product 
of  the  age,  and  of  employing  borrowed  forms  without  a  rearrange- 
ment of  the  details,  to  suit  the  altered  conditions  of  the  situation. 
We  could  have  wished  that^  instead  of  using  the  conventional 
order,  the  architect  had  set  himself  to  design  a  pier  suitable  for 
the  purpose,  for  we  do  not  doubt  but  that  his  genius  was  quite 
d^ble  of  successfully  solving  the  difficulty  had  the  idea  presented 
itself  to  his  mind ;  but  it  is  very  difficult  for  even  the  best  of  men 
to  be  much  in  advance  of  their  time,  and  the  fashion  then  was  to 
reproduce  the  forms  of  classic  art  with  strict  fidelity  to  its  pro- 
portions and  details,  the  great  aim  being  to  make  it  look  as  like 
the  old  work  as  possible,  and  not  the  outcome  of  the  native  mind. 
The  Asylum  in  Parliamentaiy  Road,  now  the  City  Poorhouse, 
d]iq>lay8  in  its  distribution  of  parts  a  bold  simplicity  of  treatment^ 
which  gives  grace  and  dignity  of  effect  to  a  somewhat  plain  design. 
There  is  but  little  of  decorative  detail  to  indicate  a  style,  yet  no 
one  hesitates  to  call  it  classic,  or  to  admire  the  outline  of  its 
fine  dome.  In  the  same  year,  1810,  Stark  also  built  the  Jail; 
and,  while  we  cannot  but  approve  of  the  breadth,  boldness,  and 
pictorially  harmonioua  rendering  of  the  design,  we  feel  the  incon- 
gruity produced  by  placing  a  portico  of  such  stately  proportions 
in  firaa^t  of  a  building  divided  into  several  floors,  with  their  tiers 
of  openings.  To  overcome  the  defect,  we  find  he  has  given  in- 
creased depth  to  the  centre  part  of  front,  thus  deepening  the  shade 
under  the  portico  and  strengthening  its  relief,  anti  by  this  means 
he  has  well-nigh  succeeded  in  overcoming  the  distracting  effect  of 
the  nnmerous  small  openings  which  he  was  obliged  to  introduce. 
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We  think,  also,  he  did  well  to  employ  the  Grecian  Doric  for  his 
portico,  as  by  it  he  was  enabled  to  give  to  his  design  an  expression 
of  simple  dignity  and  calm  severity  most  suitable  for  the  entrance 
to  a  court-house  and  a  prison.  In  the  wings  he  has  introduced 
the  ante  as  pilasters,  which  correspond  in  height  with  the  columns 
of  the  portico,  but  fail  in  repeating  anything  of  the  columnar 
character — looking  poor  and  unmeaning  to  a  degree  rarely  reached 
in  any  pilastered  imitations  of  Roman  work.  Notwithstanding 
such  defects — resulting  from  the  employment  of  forms,  the  purposes 
of  which  had  not  been  fully  apprehended — we  are  of  opinion  thai 
his  works  evince,  by  the  boldness  and  general  harmony  of  their 
outlines  and  distribution,  that  he  was  a  true  master-builder — not 
merely  a  desiguer  of  architectural  decorations,  though  he  had  also 
much  power  as  a  decorator,  and  combined  the  forms  and  details  of 
his  buildings  so  as  to  produce  powerful  and  appropriate  effects, 
with  rich  groupings  of  light  and  shade;  and  if  we  compare  his 
buildings  with  those  of  the  brothers  Adams,  we  shall  not  fail  to 
observe  that  there  is  in  them  something  quite  different  in  quality 
from  the  dilettante  spirit  so  strongly  pervading  those  other  works. 
In  1805,  when  the  Hunterian  Museum  was  fresh  from  the  hands 
of  Stark,  David  Hamilton  was  intrusted  with  the  design  for 
Hutchesons'  Hospital,  Ingram  Street,  and  it  is  very  interesting  to 
mark  the  great  change  which  came  over  the  spirit  of  his  design, 
after  this,  his  first  important  work.  Of  the  details  of  Hamilton's 
early  training  I  have  no  information,  but  judging  from  this  design 
I  would  imagine  that  he  had  studied  much  the  works  of  the 
brothers  Adams,  and  the  Palladian  school,  then  so  high  in  favour. 
There  is  no  attempt  in  this  design  to  give  to  it  the  impress  of  the 
bold  Roman  type,  which  so  strongly  characterizes  his  subsequent 
works,  but  he,  like  the  Adams',  freely  accepts  the  primary  division 
of  the  buildings  into  two  storeys  as  the  needful  accommodation 
demanded,  and  treats  it  in  simple,  truthful,  and  effective  manner. 
The  details  are  remarkable  for  their  weakness  in  outline,  and  want 
of  distinctness,  being  in  this  respect  much  less  effective  than  those 
of  the  Athenseura.  The  lower  storey  is  channelled  or  rusticated, 
but  without  solidity  of  effect,  and  wants  all  the  boldness  and 
repose  which  a  rusticated  basement  is  so  well  calculated  to  produce, 
and  none  knew  better  than  he,  in  after  yeai's,  how  to  design  and 
where  to  employ  this  style  of  treatment.  In  the  arrangements  of 
the  upper  parts  of  the  front  we  see  indications  of  the  future 
excellence  of  the  man.     Here  we  have  a  colonnade  of  Corinthian 
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pillars  in  the  centre,  between  two  wings  of  solid  construction,  the 
plainness  of  whicli  contrast  well  with  the  open  colonnade  and  pierced 
wall  behind,  each  giving  emphasis  to  the  other.  Appropriate 
niches  are  placed  in  each  of  the  wings,  and  are  filled  with  statues 
of  the  generous  brothers;  but  so  well  adjusted  are  the  parts  that 
the  solidity  of  the  wings  is  not  marred,  and  the  figures  are  well 
relieved.  The  statues  are  in  unison  with  the  architecture,  neither 
being  the  work  of  greatly  skilled  and  experienced  hands ;  but,  for 
all  that,  they  compare  favourably  with  a  recent  combination  of 
similar  features  in  Eenfield  Street,  where  two  statues,  in  like 
situation,  do  not  seem  so  happy  in  their  place.  In  the  design  of 
the  spire  which  adorns  this  building  we  have  again  an  evidence 
of  his  constructive  and  artistic  ability,  and  of  his  fertility  in  design 
— its  outline  and  proportions  are  all  fine,  and  harmonize  well  with 
the  structure  below — that  is  to  say,  with  the  front  elevation — for 
the  treatment  of  the  elevation  to  John  Street  is  feeble  in  the 
extreme.  Here  we  have  thin  pilasters  dividing  the  wall  into 
compartments,  widi  a  window  in  each,  the  details  of  each  looking 
poorer  from  the  excess  of  blank  wall  by  which  they  are  surrounded. 
The  thinness  of  the  pilasters,  which  attract  attention  on  the  side, 
have  a  contrary  effect  in  the  wings,  where,  from  their  flatness, 
they  do  not  disturb  the  solidity  and  breadth ;  but  we  regret  their 
lUie  at  all,  and  could  wish  that  pilasters  had  never  been  invented. 
Some  architects,  when  they  employ  the  classic  style,  seem  to  find 
them  indispensable,  and  would  resent  our  condemnation  of  their 
use,  and  declare  that  they  were  suitable  and  necessary  ;  but  we 
have  but  to  point  to  the  practice  of  the  Greeks  in  proof  of  our 
assertion  that  they  can  be  dispensed  with,  and  we  think  the 
architecture  gains  in  point  and  decision  by  their  omission.  When 
in  Glassford  Street  the  other  day  I  was  pleased  to  observe  that 
one  of  our  members  had,  in  similar  circumstances,  adopted  the 
Greek  idea  with  marked  effect,  and  I  am  glad  to  be  able  so  easily 
to  point  to  a  local  instance  of  this  better  mode  of  treatment. 

In  the  City  Bank,  Virginia  Street,  so  lately  removed,  we  have 
a  design  by  Hamilton,  in  which  similar  elements  are  combined — 
viz.,  a  rusticated  basement,  with  a  colonnade  occupying  the  upper 
portion  of  the  front,  but  the  details  here  are  all  in  his  most 
vigorous  and  perfect  manner,  and  the  effect,  for  so  plain  a  building, 
was  a  model  of  excellence  and  worthy  of  study  by  all  who  would 
adopt  classic  art  to  our  modem  requirements.  Here  we  have  no 
attempt  to  gain  effect  by  embracing  two  floors  in  the  height  of  an 
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order,  no  broken  entablatures,  but  all  is  conceived  in  true  spirit — 
the  structural  and  internal  divisions  being  directly  indicated  and 
suitably  expressed  without  affectation,  but  with  a  grace,  simplicity, 
and  vigour,  satisfying  both  mind  and  eye.  We  cannot  but  regret 
that,  as  is  inevitable,  the  works  of  this  architect  are  one  by  one 
being  obliterated,  and  tioist  some  careful  drawings  of  them  are 
being  preserved. 

Of  the  numerous  works  yet  remaining  by  this  accomplished 
architect,  the  chief  one  is,  undoubtedly,  the  Royal  Exchange,  and 
after  it  may  be  reckoned  the  Western  Club,  the  British  Linen 
Bank,  and,  till  very  recently,  the  Union  Bank  ;  each  one  of  them 
well  worthy  of  careful  study,  for  in  each  thei*e  b  evidence  of  the 
working  of  a  clear  and  powerful  intellect,  decision  of  character, 
great  knowledge  of  resources,  and  the  possibilities  of  combinations, 
with  full,  rich  imagination  and  freedom  of  handling.  In  each  the 
pictorial  qualities  are  fuUy  developed,  whilst  over  and  through  all 
the  hand  of  the  master-builder  is  strongly  expressed ;  no  feeling 
of  dilettanteism  or  servile  imitation  is  deceiiiable  in  any  of  their 
features  or  details,  though  the  orthodox  orders  are  freely  used; 
but  so  thoroughly  is  the  feeling  for  the  breadth  and  fulness  of 
Roman  work  embodied  in  each,  that  they  have  all  the  impress 
of  an  original  work.  We  have  said  Roman,  not  Renaissance, 
believing  that  the  arcliitect  was  now  more  under  the  influence  of 
the  old  Roman  art  than  he  had  formerly  been  when  designing 
Hutchcsons'  Hospital  The  Hospital  was  erected  in  1805,  and 
the  Exchange  was  not  begun  till  1828,  and  it  would  be  interesting 
to  trace  by  his  works  the  gradual  development  of  his  mind 
during  this  long  interval  had  we  a  detailed  record  of  the  works 
done  by  him  during  that  time.  This  I  have  not  been  able  to  do, 
and,  for  the  present,  must  content  myself  by  remarking  that  in 
the  interval  he  had  thoroughly  matured  his  powers,  and  developed 
a  breadth  of  manner  and  mastery  of  combination  and  detail,  which 
ennobled  his  works  and  placed  them  in  the  first  rank,  where  they 
continue  to  challenge  comparison  with  the  best  works  of  British 
art.  The  designing  of  the  Exchange  was  a  work  of  much  difficulty, 
owing  to  the  necessity  laid  upon  the  architect  of  incorporating  a 
large  portion  of  the  old  mansion,  and  including  in  his  design 
a  number  of  offices  and  other  apartments  not  part  of  the  Exchange 
proper.  This  building  is  so  familiar  to  us  all  that  I  need  not  enter 
,  into  a  description  of  its  paiiis,  but  content  myself  with  a  few  observ- 
ations upon  their  arrangements  as  examples  of  his  skill  in  design. 
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To  preserve  the  unity  of  effect  produced  by  the  stately  portico 
in  fronts  note  the  manner  in  which  he  has  introduced  the  colonnades 
on  the  north  and  south,  where  they  mark  the  portion  devoted  to 
the  Exchange  proper,  and,  by  repeating  the  features  of  the  portico, 
add  richness,  grace,  and  unity  to  the  whole,  keeping  up  the  stately, 
bold  character  of  the  front,  without  monotony,  but  rather  adding 
variety  and  piquancy  to  the  whole.     In  the  treatment  of  the  sides 
immediately  west  of  the  portico  he  has  also  displayed  great  readi- 
ness of  adaptation.     Here  he  had  to  show  two  floors,  with  their 
windows,  exponents  of  important  rooms   in  each,  and   he  has 
employed  unfluted  pilasters  to  divide  the  front  laterally,  and  to 
bring  these  pilasters  into  strong  relief,  so  that  they  might  partake 
largely  of  the  character,  and  maintain  the  effect  of  those  other 
parts,  he  has  filled  the  spaces  between  with  windows,  having 
strongly-detailed  architraves,  cornices,  pediments,  and  belt  courses, 
the  boldness  and  multiplicity  of  their  shadows  producing  a  mass 
of  dark  colour  which,  by  contrast,  throw  the  pilasters  into  stronger 
relief.     The  capitals  of  these  pilasters,  it  may  also  be  here  noted, 
are  not  a  repetition  of  the  columns,  as  is  usual,  but  specially 
designed,  and  of  less  hei^t.    The  portico,  though  but  an  assemblage 
of  Corinthian  columns,  borrowed  from  the  works  of  the  Komans, 
yet  possesses  a  grace  and  dignity  of  proportions  which  might  be 
▼ery  easily  missed  by  one  compiling  from  the  book  without  the 
matured  judgment  and  just  perception  of  those  qualities  of  com- 
bination which  go  to  form  classic  art.     By  the  great  projection  he 
has  given  the  portico,  he  well-nigh  obliterates  the  inconginious 
effect  of  a  double  tier  of  openings  in  the  wall  behind.     The  shade 
Is  so  deep  that  the  doors  and  windows  above  them  are  barely 
eeen,  and  the  details  of  these,  in  marked  contrast  with  those  in 
side  walls,  between  the  pilasters,  are   subdued  and  quiet.     The 
Belfry,  which  surmoimts  the  front,  is  very  finely  proportioned  and 
enriched,  and  harmonises  so  completely  with  the  whole  structure 
below  that  we  feel  as  if  the  whole  forms  and  details  were  the 
original  outcome  of  one  mind,  and  not  a  combination  of  features, 
the  elements  of  a  past  phase  of  art.     It  is  in  this  quality,  we 
think,  Hamilton's  works  so  greatly  exceL     They  seem  to  be  less 
the  result  of  a  careful  application  of  borrowed  forms  than  the 
product  of  his  own  thought,  his  handling  is  always  so  masterful, 
and  his  individuality  so  marked.     Compare  any  of  his  works  with 
the  old  Bank  of  Scotland,  the  Hoyal  Bank,  or  the  Custom-House, 
all  of  which  were  built  about  the  time  the  Exchange  was  erected. 
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and,  while  you  will  find  in  all  of  these  good  proportions  and  careful 
detail,  you  will  see  but  little  of  the  character  of  the  designers. 
They  might  all  have  been  built  by  one  man,  though  a  separate 
architect  was  engaged  on  each,  but  they  show  so  little  departure 
from  the  stereotype  examples  that  they  fail  to  interest  us  much. 
The  Exchange  has  been  mora  fortunate  in  its  surroundings  than 
most  public  buildings  in  this  country,  and  the  effect  of  it  is  much 
enhanced  by  the  buildings  which  form  the  Square,  the  breadth, 
simplicity,  and  regularity  of  their  distiibution  forming  a  harmonious 
luickground  to  it — the  plainness  of  the  one  giving  greater  effect  to 
the  rich  variety  of  the  other. 

The  British  Linen  Bank  and  Western  Club  were  built  in  1840, 
the  Union  Bank  in  1842,  and  the  City  of  Glasgow  Bank  in  the 
following  year.  These  were  busy  years  with  Hamilton — his 
powers  were  in  full  vigour  and  constant  exercise  on  many  im- 
portant works  all  over  the  country.  All  of  them  will  repay  careful 
examination,  but  for  the  present  I  will  limit  my  remarks  to  the 
British  Linen  Bank  and  the  Western  Club.  In  these  we  have  good 
examples  of  his  fertility  in  design;  they  are  in  different  styles,  and 
each  (juite  distinct  from  that  of  his  other  works  we  have  referred 
to.  In  each  of  these  buildings  he  had  to  deal  with  similar  require- 
ments, both  of  them  arc  three  storeys  high,  with  numerous  apart- 
ments in  each  floor,  and,  while  something  of  a  residential  character 
was  to  be  given  to  each,  they  wei*e  yet  requii'ed  to  have  an  aspect 
of  dignity  and  importance  indicative  of  a  public  building.  The 
British  Linen  may  be  thought  to  partake  more  of  a  palatial 
character  than  is  suitable  for  a  bank,  and  the  principal  entrance 
wants  in  importance,  being  less  marked  than  we  could  wish,  but 
the  whole  design  is  conceived  in  a  nch,  stately  manner,  and  the 
detail  is  all  full  of  clear,  bold  outlines,  more  delicate  than  those  of 
his  other  buildings,  and  with  more  inclination  to  florid  treatment 
in  its  parts.  The  ground  floor  is  rusticated,  and  the  upper  floors 
have  their  windows  framed,  as  it  were,  between  broad,  upright 
bands,  which  mark  the  distribution  of  the  elevation  and  enrich  its 
light  and  shade,  serving  to  produce  the  same  pictorial  effect  for 
which  pilasters  are  usually  employed.  The  main  cornice  and 
balustrade,  which  crowns  the  elevation,  are  finely  conceived  and 
adjusted,  and,  though  many  similar  cornices  have  since  been  exe- 
cuted, I  know  of  none  equal  to  it  for  graceful  proportion  and 
precision  of  contrast.  One  curious  bit  of  detail  in  this  building 
has  caused  me  trouble  to  account  for  it,  being  so  false  in  con- 
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stmctive  idea  and  so  unlike  the  work  of  a  master-builder,  and 
that  is — a  boldly  carved  band-course,  placed  upon  the  cornice  of 
the  ground  floor  windows,  and  sustaining  the  balcony  of  windows 
above,  forming  the  most  unsuitable  foundation  upon  which  to  rest 
a  balustrade.  It  must  have  been  an  overlook.  The  art  of  carving 
had  not  made  much  progress  in  those  days,  and  this  we  find  was 
the  weak  part  in  all  the  building  of  the  time.  While  the  orthodox 
Corinthian  capital  was  fairly  well  cut  and  the  acanthus  scroll  and 
patera  were  carefully  carved,  after  the  models  left  us  by  the 
Romans,  there  was  but  little  ability  or  knowledge  displayed  in 
the  designs,  and  still  less  delicacy  in  the  execution  of  the  omamenta 
In  this  respect  the  architecture  of  the  present  day  displays  a 
marked  and  pleasing  contrast  to  that  of  Hamilton's  time,  and  an 
interesting  subject  to  bring  before  this  Society  would  be  the 
development  of  ornamental  art  in  Glasgow,  from  the  days  of  the 
Tontine  faces  till  now,  when  such  exquisite  sculptured  decorations 
adorn  our  streeta 

The  design  of  the  Club  is  of  a  more  bold  and  concentrated 
aspect  than  that  of  the  Bank;  in  it  the  opportunity  afforded  by 
the  large  apartments  on  the  ground  floor  is  taken  full  advantage 
of^  and  expressed  in  the  large  grouped  windows  which  front 
Buchanan  Street  The  portico  is  also  finely  conceived,  and  made 
to  harmonise  with  the  broad,  massive  elevation.  Being  only  one 
storey  high,  a  less  able  man  would  have  found  difficulty  in  retain- 
ing the  breadth  and  dignity  of  the  front,  but  we  here  see  how  the 
architect  attains  the  desired  efiect — by  making  the  columns  square 
and  unfluted,  by  placing  them  close  together,  and  imparting  to  its 
details  like  qualities  of  breadth  and  boldness.  The  grand  efiect 
produced  in  this  building  is  dependent  on  the  largeness  of  its 
parts,  the  grouping  of  its  prominent  features,  and  the  great  pre- 
ponderance of  the  wall  spaces.  The  openings  are  all  enriched  with 
bold  details,  which  the  ample  breadth  of  waU  around  them  throws 
into  still  stronger  relief.  The  main  coi*nice  is,  perhaps,  the  greatest 
in  projection  and  most  marked  in  light  and  shade  that  this  country 
possesses,  and  has  always  been  the  subject  of  much  laudatory  criti- 
cism, as  being  conceived  in  true  unison  with  the  powerful  outlines 
and  bold  relief  whidi  pervades  the  whole  design.  It  is  a  most 
mre  thing  to  find  one's  self  at  a  loss  to  trace  the  design  of  a  modem 
building  to  its  prototype  in  the  past,  but  such  is  the  case  with 
reference  to  this  one.  When  we  look  at  the  Exchange,  the  Union, 
or  City  Btok,  we  are  strongly  reminded  of  the  works  of  the  Roman 
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builders;  and  when  we  look  at  the  British  linen  Bank  we  can  recall 
sometliing  of  the  Renaissanee  palaces  of  Borne  and  Florence,  though 
greatly  changed;  but  here,  beyond  a  general  impression  of  the 
massive  grandeur  of  these  Italian  palaces,  there  is  litUe  we  can 
recognise  of  old  device,  but  much  that  may  be  claimed  as  original. 
In  one  of  the  architectuml  journals  I  lately  read  an  article  on 
classic  architecture  as  practised  in  Scotland,  and  was  pleased  to 
^nd  that  the  writer  freely  accorded  to  our  architects  the  merit  of 
designing  classic  work  with  more  breadth  and  vigour  than  is 
attained  by  our  English  brethren,  and  he  accounted  for  the  fsuct 
by  our  greater  familiarity  with  building  in  stone,  and  the  abun- 
dance of  that  fine  material  found  so  ready  to  our  hand.  There  is 
no  doubt  but  that  the  abundance  of  our  stone,  and  the  universal 
practice  of  building  in  that  material,  has  had  much  to  do  in  the 
creation  of  our  taste  for  classic  architecture,  for  without  these 
it  would  not  have  been  possible  in  this  poor  country  to  carry  out 
so  many  great  and  noble  buildings  in  that  style ;  and  without  the 
continuous  exercise  of  the  architectural  faculty,  working  through 
this  essential  element,  it  would  have  been  impossible  for  our 
architects  to  have  attained  such  mastery  in  detail  and  combination 
of  classic  forms.  But,  wliilst  we  acknowledge  all  this,  we  think 
that  the  intluence  of  a  few  great  men  who  have  from  time  to  time 
risen  in  our  midst,  has  also  greatly  assisted  in  forming  the  public 
taste,  and  in  keeping  the  weaker  brethren  up  to  a  higher  level 
than  has  been  realised  in  the  south.  The  works  of  Stark  and 
Hamilton,  of  Glasgow,  and  Playfair,  of  Edinburgh,  have  un- 
doubtedly largely  influenced  and  moulded  our  architectural  per- 
ceptions, and  guided  the  youthful  studies  of  the  generation  which 
followed  them,  and,  we  trust,  many  of  the  examples  they  have 
left  to  us  may  long  continue  to  be  objects  of  careful  study  to 
geneititions  yet  to  come. 

Up  to  the  present  time  the  architecture  of  our  City  has  been 
mainly  of  a  classic  type,  and  few  seemed  surprised  when  it  became 
known  that  the  Town  Council  had  determined  that  the  new 
municipal  buildings  should  be  in  the  classic  style;  though  not 
assured  in  my  own  mind,  that  another  style  would  not  have  lent 
itself  more  freely  to  the  requirements  of  our  time,  I  do  not  much 
regret  the  exclusive  nature  of  the  decision,  and  trust  that,  not- 
withstanding all  the  troubles  yet  to  come,  the  result  may  yet  be 
to  have  our  good  City  adorned  with  a  noble  pile  of  buildings,  in 
which  classic  art  shall  be  displayed  in  all  the  grace  of  dignity. 


Opening  Address  hy  Mr.  David  Thomson.  87 

elegance,  and  refinement,  of  which  the  style  is  so  pre-eminently 
qualified  to  become  both  the  recipient  and  exponent. 

A  careful  survey  of  the  designs  submitted  in  the  competition 
has  left  on  my  mind  the  impression  that  the  ideal  qualities  of 
classic  art  are  not  much  appreciated  by  the  present  generation, 
and  that  pictorial  groupings,  florid  elaboration,  and  exuberance  of 
detail,  are  more  in  harmony  with  the  taste  of  the  time.  Since  the 
erection  of  our  County  Buildings,  no  such  opportunity  had  arisen  to 
stimulate  and  call  forth  the  energies  of  native  architects,  and  I 
felt  disappointed  on  finding  that  I  could  select  few  from  among 
them  partaking  of  those  fine  qualities  of  breadth,  placidity,  clear 
rendering,  and  careful  adjustment  of  light  and  shade  which  so 
strongly  characterise  the  design  of  the  County  Buildings. 

The  prominent  features  in  this  design  are  the  portico  and 
podium  of  the  south  front,  and  the  colonnade  on  the  west  side. 
The  portico  indicates  the  entrance  front  of  the  portion  allotted  to 
county  business,  whilst  the  colonnade  denotes  the  portion  occupied 
by  the  Merchants'  Hall,  in  these  respects  resembling  the  arrange- 
ment we  noticed  in  the  Exchange,  but  with  increased  effect,  by 
reason  of  the  greater  contrast  afforded  by  the  plainer  parts  of  the 
elevations  which  intervene,  and  the  deep,  level  shadow  produced 
by  the  balcony  at  level  of  the  first  floor.  The  three  floors  are 
shown  clearly — the  two  upper  ones  being  included  in  one  order — 
and  the  dexterity  with  which  the  difficulty  is  met  all  but  overcomes 
the  feeling  of  the  contrariety  of  purpose  thus  conjoined.  Behind 
the  portico  the  openings  are  carefully  subdued,  the  upper  windows 
being  omitted,  and  the  mass  and  beauty  of  the  podium,  with  the 
deep  shade  of  the  portico  above,  is  increased  in  force  by  their 
contrast,  fill  the  eye,  rendering  the  wings,  with  their  double  tier 
of  0][)ening8,  less  observable. 

In  the  colonnade,  again,  the  columns  are  so  closely  set  that  when 
seen  in  conjunction  with  the  south  front  the  windows  between 
them  are  entirely  hid  from  view.  This  was  the  second  occasion  in 
which  really  fine  sculptured  decoration  was  employed  in  our 
buildings,  and  their  intrinsic  excellence  and  harmonious  treatment 
are  a  constant  source  of  enjoyment,  and  have  borne  fruit  in  the 
increased  desire  we  see  to-day  for  such  fitting  adornment  of  our 
bnildings. 

My  remarks  have  lengthened  beyond  my  anticipations,  and  I 
feel  it  is  time  they  were  brought  to  a  close,  but  I  would  not  wish 
to  do  80  without  a  few  words  of  deserved  commendation  on  the 
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works  of  three  architects,  who  in  their  day  did  much  to  give  grace 
and  character  to  our  streets. 

In  John  Street  U.P.  Church  we  have  a  characteristic  and  fine 
design  of  the  late  Mr.  Rochead,  full  of  bold  relief  and  vigoroos 
treatment,  rich  in  details,  and  well  balanced  in  pictorial  effect^ 
free  from  affectation  of  manner,  and  pervaded  with  a  unison  of 
feeling  for  force  and  richness  of  effect — a  character  he  gave  to  all 
his  works.  We  may  not  approve  of  the  manner  in  which  the 
inter-columnations  of  the  upper  part  are  iilled  entirely  with  glass, 
but  we  cannot  but  applaud  the  vigour  and  excellence  displayed  in 
the  design  of  the  lower  portion,  and  when  we  look  from  it  to  the 
rusticated  basement  of  the  Hospital  building  we  have  proof  of  the 
great  advancement  in  the  power  of  design  which  marks  the  interval 
of  years.  In  the  Unitarian  Church  we  have  another  good  example 
of  classic  design  by  the  same  architect  In  it  there  is  less  tendency 
to  undue  elaboration  of  detail  and  forcible  effects  than  is  usual  in 
his  works.  Besides  these,  we  have  several  other  buildings  of 
classic  design  which  adorn  our  sti*eets,  and  exemplify  the  vigour 
and  elasticity  of  his  abilities  as  an  architect. 

In  the  Faculty  of  Procurators'  Library  we  have  a  fine  example 
of  Kenaissance-classic  design  after  the  Venetian  type.  This  is  a 
work  of  the  late  Charles  Wilson — a  man  held  in  high  esteem  by 
the  public  and  his  professional  brethren  for  his  abilities  as  an 
ai*chitect,  his  genial  manners  and  disposition,  and  his  high  regard 
for  the  honour  of  the  profession.  An  examination  of  the  arrange- 
ments and  details  of  this  design  will  reveal  the  careful  consideration 
by  which  its  eveiy  feature  has  been  modulated.  All  the  forms, 
both  of  the  voids  and  wall  spaces,  are  clear  in  outline  and  of  good 
proportions  in  themselves,  well  balanced  and  contrasted,  no  pre- 
conceived effect  being  marred  by  the  intrusion  of  unnecessary 
objects,  but  all  the  elements  and  details  made  harmonious  in 
character,  and  reflecting  in  some  measure  a  clear  intellect,  matured 
judgment,  and  refined  sense  of  beauty  in  architectural  adornment. 
This  design,  like  those  of  the  Hutchesons'  Hospital,  Trades'  Hall, 
Athenseum,  and  City  Bank,  consists  of  a  rusticated  basement^  the 
upper  part  being  occupied  by  a  colomiade.  In  this  case  the 
columns  are  coupled  and  attached  to  the  wall,  the  openings  be- 
tween being  arched  with  coved  and  panelled  ingoings,  enriched 
with  carving,  the  ends  of  Library  being  suitably  expressed  by  large 
Venetian  windowa  Another  work  of  this  architect  deserving 
special  reference  is  Elmbank  Academy.     The  style  is  Italian, 
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after  the  maimer  practised  in  Florenoe — the  distinctive  features  in 
this  style  being  the  absence  or  very  subordinate  use  of  the  orders 
— the  elements  of  design  consisting  of  the  doors  and  windows,  with 
their  embellishments,  the  levd  band-courses  marking  the  division 
of  the  floors,  the  bold  console  cornices  which  crown  the  walls,  and 
the  profusion  of  rustication  employed  to  mark  the  angles,  or  to 
add  force  to  the  basements.  Since  it  has  become  the  High  School, 
the  four  great  rusticated  piers  which  mark  the  principal  entrance 
have  had  placed  on  them  the  statues  which  they  were  originally 
designed  to  carry,  and  this  added  grace  lightens  up  the  whole 
elevation,  which  previously  was  wanting  somewhat  in  expression. 
The  grace,  simplicity,  and  stately  repose  embodied  in  this  design 
are  in  the  architect's  best  manner,  and  display  those  qualities  of 
his  mind  more  clearly  than  some  of  his  subsequent  works,  though 
in  all  of  them  the  same  qualities  largely  predominate.  The  chief 
among  his  other  classic  works  in  Glasgow  are  the  Free  Church 
College  and  Church,  the  Queen's  Booms,  and  the  Koyal  Bank 
Biuldings  in  Buchanan  Street^  all  of  which  it  would  be  instructive 
and  interesting  to  go  over  in  detail  did  time  permit. 

In  the  works  of  the  late  Mr.  Alexander  Thomson  we  have  a 
fine  series  of  designs  of  a  character  so  unique  and  excellent  as  to 
excite  our  wonder  at  the  fertility  of  his  inventive  faculties  and 
our  admiration  at  the  beauty,  richness,  and  vigour  of  his  handling. 
In  all  of  them  he  set  himself  to  adapt  the  principles  of  Greek 
art  to  modem  requirements,  without  any  pedantic  borrowing  of 
their  features.  Indeed,  it  is  quite  surprising  how  seldom  we  find 
in  his  works  the  orders  reproduced,  with  their  details,  strictly  con- 
forming to  the  ancient  remains.  He  more  frequently  originates 
some  form  of  column  and  capital,  designed  to  meet  the  special 
requirements  he  had  to  deal  with,  or  to  conform  to  the  character 
of  the  impression  he  wished  the  building  to  conve}' ;  but  where  he 
has  used  the  orders  they  are  appropriately  placed,  finely  propor- 
tioned and  detailed,  with  carefully  adjusted  relief,  the  wall  space 
behind  being  kept  subdued  in  tone,  with  no  disturbing  objects  in 
it  to  mar  the  repose  and  quiet  dignity  of  the  design.  The  multi- 
plicity and  variety  of  the  details  and  forms  he  introduced  into  his 
works,  and  the  singular  grace  and  unity  of  effect  he  maintained 
throughout,  are  deserving  of  our  most  careful  consideration,  show- 
lug  as  they  do  that  to  adopt  a  style  does  not  necessarily  imply  that 
only  those  marked  features  and  peculiarities  of  detail  and  combi- 
nations  which  are  found  in  the  original  works  are  to  be  reproduced, 
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but  that  new  forms  and  details  may  freely  be  employed,  provided 
we  have  skill  enough  to  maintain  the  spirit  and  essential  qualities 
of  the  style.  Of  none  of  his  designs  can  it  be  said  that  thej  are 
very  like  the  old  work,  a  term  of  praise  we  often  hear  applied  to 
the  works  of  our  best  men  of  mediteval  proclivities ;  but,  whilst 
they  differ  from  the  works  of  the  Greeks  as  distinctly  as  the  nature 
of  our  rec^iiirements  do  from  theirs,  they  agree  with  them  in  the 
adaptation  of  forms  to  the  purposes  they  subserve — the  grouping 
of  the  parts  into  forms  in  which  the  horizontal  lines  predominate, 
the  clear  marking  of  the  voids,  the  precision  of  their  distribution, 
and  the  gracefid  adjustment  of  light  and  shade,  with  strength  and 
placidity  as  a  general  expression.  Only  by  the  adoption  of  such 
principles  as  these  can  building  be  raised  into  a  fine  art 

His  churches  in  St  Vincent  Street  and  Caledonia  Hoad  axe  in 
his  best  manner,  while  the  various  warehouses  and  other  street 
buildings  by  his  hand  are  all  marked  by  the  same  elegance  and 
refinement  of  detail,  and  display  the  abundance  of  his  resources  in 
design,  and  his  power  of  impressing  on  them  his  own  ideal  percep- 
tion of  art 

Fi*om  all  I  have  said,  the  conclusion  may  be  drawn  that  hitherto 
Glasgow  has  been  well  served  by  its  architects,  and  I  will  conclude 
with  the  expression  of  my  confident  expectation  that  in  the  future 
the  architects  of  Glasgow  will  maintain  the  honourable  position 
they  have  thus  inherited ;  and  I  trust  that  the  labours  of  this 
section  may  become  an  efficient  instiniment  in  promoting  the 
advancement  of  architecture  and  the  arts  therewith  incorporated. 


V. — Some  Observations  on  the  Colouriiuj  Matter  of  JeUy-Jlshea. 

By  Professor  M*Kendrick. 


[Read  before  the  Society,  December  I5th,  1880.] 

We  are  all  more  or  less  familial*  with  the  splendid  colours  of  some 
of  the  Mcdusse,  or  Jelly-fishes,  found  in  our  seas,  but  I  am  not 
aware  that  anyone  has  made  any  investigation  into  the  properties 
of  the  colouring  matter.     In  the  month  of  September  last  I  spent 
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some  time  at  the  Scottish  Zoological  Station,  then  located  oa  the 
shores  of  the  Cromarty  Firth,  just  opposite  Cromarty,  and  by  the 
kindness  of  my  friends,  Professor  Ewart  of  Aberdeen,  and  Mr.  G. 
J.  Komanes — whose  researches  on  the  movements  of  Jelly-fishes 
are  well  known — I  had  an  opportunity  of  making  some  observ- 
ations. 

The  specimens  examined  were  the  beautiful  blue  Cyanea, 
Chrysaara^  distinguished  by  the  patches  of  brown  round  the 
tentacles  and  the  margin  of  the  umbrella  and  in  the  long  arms,  and 
Aurdia^  with  the  crescentic  masses  of  colour  round  the  ovaries. 

In  the  first  place,  by  microscopical  examination,  I  ascertained 
that  the  colouring  matter  is  not  uniformly  distributed  throughout 
the  protoplasm  of  these  creatures,  but  that  it  exists  in  the  form  of 
little  irregularly-shaped  particles  in  the  protoplasm  of  minute  cell- 
like bodies.  The  particles  or  granules  were  about  the  l-30,000th 
of  an  inch  in  diameter ;  in  the  case  of  Chryaaora  they  were  of  a 
yellowish  colour,  while  in  Cycmea  they  had  a  faint  tinge  of  blue. 
The  protoplasm  surrounding  these  granules  was  colourless.  The 
observations  were  made  with  a  ^  objective  of  Ross  adapted  to  a 
Hartnack  microscope,  with  No.  3  objective  and  the  draw  tube  out 
— magnifying  power  about  1200  diameter. 

I  then  attempted  to  extract  the  colouring  matter.  Cutting  off 
the  coloured  fringes  of  a  large  specimen  of  Chrysaora,  I  placed 
portions  in  (a)  strong  caustic  potash,  (6)  absolute  alcohol,  (c) 
sulphuric  ether,  and  {d)  in  sea  water.  In  the  course  of  about  an 
hour,  the  portions  in  strong  caustic  potash  were  disintegrated  and 
broken  up  into  shreds  of  a  dark  brown  colour,  whilst  the  fluid 
remained  colourlesa  No  effect  was  produced  by  absolute  alcohol 
or  by  ether;  but  the  colour  in  the  fragments  immersed  in  sea 
water  difiiiaed  out  to  a  considerable  extent  in  the  course  of 
twenty-four  hours.  The  fluid  then  was  of  a  dark  brown  colour. 
Pressure  caused  no  separation  of  the  colouring  matter. 

I  then  boiled  portions  in  sea  water  and  in  ordinaiy  fresh  water, 
and  found  that  boiling  caused  the  colouring  matter  to  diffuse  out 
quickly.  On  filtering  the  fluid,  it  was  found  to  be  acid,  and  of 
a  dark  brown  colour.  This  colour  at  once  disappeared  on  the 
addition  of  strong  sulphuric  acid.  Strong  nitric  and  strong  hydro- 
chloric adds  produced  the  same  effects,  but  not  so  quickly  as 
sulphuric  add.  Strong  caustic  potash  caused  a  reddish-brown 
predpitate,  buty  as  the  fluid  consisted  of  sea-water,  at  least  a 
portion  of  this  predpitate  must  have  consisted  of  the  hydrated 
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oxuiftA  fd  Hnke  aikd  nagnifwa  in  the  w:uer.  On  eompaiiiig  the 
mEws  of  aiiding  :ai  iolntioii  of  caosdc  pocmsh  of  the  wumt  strength 
to  the  Mme  balk  of  aeft-wiater  ind  of  infoskxi  of  Jelfy-fiah,  the 
pTMtpctatA  WM  decidedl J  balkier  in  the  Utter  gmcl 

Aji  n^riU  CyoMua  and  ^tire/ui,  I  found  that  neithw  preflBore, 
Fioiiing,  nor  any  of  the  fluids  at  my  command — snch  as  the  mineral 
ad/k,  the  alkalies,  alcohol,  or  ether — diaaolyed  oat  the  oolooiing 
matter.  The  only  waj  of  obtaining  it  was  to  allow  fragments  of 
the  Jellj'fiah  to  macerate  in  sea-water  for  about  36  hoars.  Then 
tbe  flnid  became  of  a  skj-blue  colour  when  C^amea  was  used,  and 
alightlj  |>irik  in  the  case  of  Aurelia,  My  next  object  was  to 
separate  the  colouring  stuff  from  this  fluid.  It  could  not  be 
extracted  by  alcohol  or  ether,  or  by  any  solution  at  my  di^Kwal ; 
but  I  ascertained  that  the  fluid  thus  obtained  was  slightly  acid, 
and  it  occurred  to  me  that  the  colouring  matter  might  be  thrown 
down  by  an  alkali  Experiment  showed  this  to  be  the  case.  On 
tAdiw^  ammonia  to  any  coloured  infusion  of  Jelly-fish,  a  copious 
pre^;i[>itate  falls  which  carries  ¥dth  it  the  whole  of  the  colouring 
matter.  After  nitration  the  fluid  is  quite  colourless,  and  the 
colouring  matter  remains  on  the  filter.  Again,  the  precipitate  is 
rearlily  re-ilinHolved  by  acid,  and  the  colouring  matter  again  passes 
UiU}  a  soluble  state.  It  is  soluble,  therefore,  in  an  acid  medium, 
but  insoluble  in  an  alkaline  or  neutral  medium.  Now,  fresh 
Jelly-fishes,  so  iar  as  I  could  make  out,  were  quite  neutral  to  test 
fiajK^.  I  could  not  find  any  alkaline  reaction.  But  in  the  living 
Jelly-fish  we  can  scarcely  suppose  that  the  colouring  matter  exists 
in  the  granidar  form  simply  because  the  medium  is  alkaline  or 
neutral ;  all  we  can  state  is  that  the  medium  is  neutral,  and  the 
[irol^ability  is  that  the  coloured  stufl"  is  formed  in  the  protoplasm  of 
ccsrtain  cells,  just  as  pigment  is  formed  in  the  cells  of  the  epidermis 
of  many  animals.  After  the  death  of  the  Jelly-fish,  however,  the 
iKxly  becomes  slightly  acid,  the  protoplasm  disintegrates,  and  the 
colouring  matter  difi'uses  out.  It  is  interesting  to  point  out  here 
the  analogy  to  what  happens  in  the  case  of  a  muscle.  During  life, 
a  muscle  is  slightly  alkaline  or  neutral ;  after  death,  when  rigor 
sots  in,  it  becomes  acid. 

I  have  not  had  an  opportunity  of  examining  the  chemical  nature 
of  the  colouring  matter.  That  is  a  subject  suitable  for  the  chemist, 
and  out  of  my  province ;  but  I  have  pointed  out  a  method  by 
which  the  colour-stufif  can  be  obtained. 

It  was  a  matter  of  interest  to  examine  the  colouring  matter 
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with  the  spectrosoopa  B7  means  of  this  instroment,  chlorophyll 
has  been  disoovered  in  some  of  the  Protozoa,  in  some  Fort/era,  in 
Hydra  viridis,  in  the  Sea  Anemone,  AnUiea  eereus,  and  even 
in  a  species  of  Crostaoean.  Yarious  absorption  spectra  have  been 
studied  in  certain  Goelenterata,  Echinodermata,  Worms,  Insects, 
and  Molluscs ;  whilst  in  the  Vertebrata  the  colouring  matter  of 
the  blood  has  received  much  attention.''^ 

I  found  that  infusion  of  Chrysaora  gave  no  distinct  absorption 
bands;  but  the  violet,  blue,  and  a  portion  of  the  green  were 
absorbed,  the  other  colours  being  slightly  reduced  in  intensity. 
On  concentrating  the  fluid,  the  red,  yellow,  and  what  remained  of 
Uie  green  became  very  dim ;  but  no  bands  existed. 

With  Oyanea,  however,  the  case  was  different.  An  infusion  of 
this  creature  containing  the  colouring  matter  gave  two  distinct 
absorption  bands,  one  in  the  red  and  the  other  in  the  orange.  I 
also  observed  these  bands  very  distinctly  by  placing  an  uninjured 
small  specimen  in  a  flat  glass  dish  below  the  microscope.  The 
only  blue  colouring  matters  met  with  in  the  animal  kingdom  that 
I  find  any  record  of  is  a  blue  colouring  matter  obtained  from 
SterUor  ccenUeus,  described  by  Lankester,t  which  gives  two  absorp- 
tion bands,  nearly  the  same  in  position  as  those  observed  in  Cyanea, 
and  a  blue  matter,  called  Hatmocyanine,  found  in  the  blood  of  the 
Octopus,  which,  however,  has  no  definite  absorption  bands. 


VI. — Report  by  R.  F.  Muirhbad,  B.Sc.,  Delegate  from  the 
Glasgow  Philosophical  Society  to  the  British  Associ- 
ation, 1880. 


[Read  before  the  Society,  December  15th,  1880.] 


By  the  kindness  of  Dr.  Fergus,  M.R.C.S.,  Eng.,  and  then  Presi- 
dent of  the  Glasgow  Philosophical  Society,  I  was  appointed  delegate 
to  the  last  meeting  of  the  British  Association  for  the  Advance- 
ment of  Science,  to  represent  him,  as  President  of  this  Society. 

*  See  Gamgee's  ''Physiological  ChemiBtry,"  vol.  i.,  p.  305. 
t  £.  Bay  Lankeiter  on  Bine  Stentorin,  the  coloaring  matter  of  Stentor 
earuleus. — Qua/rier^f  J<mrnal  of  Mkroscopieal  Scimcej  AprU,  1873. 
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On  the  3l8t  of  August  I  attended  a  Conference  of  I>elegateB 
from  Scientific  Societies,  convened  by  Mr.  John  Hopkinaon, 
F.L.a,  F.G.S.,  Hon.  Secretary  of  the  Hertfordshire  Natural 
History  Society  and  Field  Club.  Mr.  Hopkinsoa  stated  that 
his  object  in  calling  the  meeting  was  to  see  whether  something 
useful  could  not  be  done  by  delegates  from  Scientilic  Societies 
to  the  British  Association.  Up  to  the  present  nothing  had 
been  attempted.  With  the  view  of  attaining  his  object,  Mr. 
Hopkinson  had^  at  the  Sheffield  meeting  of  the  British  Associ- 
ation, proposed  to  the  Council  that,  in  addition  to  the  President 
or  his  delegate,  the  Secretary  of  any  Scientific  Society  of  the 
United  Kingdom,  publishing  printed  Proceedings,  should  be  ad- 
mitted to  represent  his  Society  in  the  General  Committee.  This, 
he  thought,  would  render  it  possible  for  conferences  of  delegates 
to  be  held,  at  which  matters  relating  to  Scientific  Societies 
might  be  discussed — a  thing  which  would  be  impossible  were 
the  secretaries  absent.  The  Council  of  the  Association  bad 
received  this  proposal  fiivourably,  and  altered  the  rules  to  give 
it  effect. 

Mr.  Hopkinson  then  mentioned  several  matters — such  as  inter- 
change of  ideas  as  to  the  management  of  societies,  exchange  of 
Proceedings,  and  combination  for  the  purpose  of  systematiaing 
scientific  work — which  he  thought  might  advantageously  occupy 
the  attention  of  a  yearly  meeting  of  delegates. 

After  some  discussion,  it  was  decided  unanimously  to  adopt  the 
following  resolution,  proposed  by  Mr.  David  Grieve,  F.R.S.EL, 
President  of  the  Royal  Physical  Society  of  Edinburgh,  and  seconded 
by  Prof.  G.  A  Lebour,  M.A.,  F.G.S.,  of  Newcastle: — 

"  That  this  conference  recommends  that  at  future  meetings  of 
*'  the  British  Association  it  is  desirable  that  delegates  from  the 
"  various  scientific  societies  should  meet,  with  the  view  of  pro- 
'*  moting  the  best  interests  of  the  Association,  and  of  the  several 
"  societies  represented." 

It  was  also  resolved  that  a  meeting  of  delegates  be  held  next 
year,  during  the  meeting  of  the  British  Association  at  York. 

To  Mr.  Hopkinson  and  Mr.  H.  Geo.  Fordham,  F.G.S.,  delegate 
from  the  London  Geologists'  Association,  were  entrusted  powers 
as  a  committee  of  the  delegates,  to  bring  before  the  different 
scientific  societies  of  the  United  Kingdom  the  amended  rule 
regarding  the  admission  of  secretaries  as  delegates,  and  to  draw 
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their  atteotion  to  the  advantages  that  might  accrue  from  con- 
ferences of  del^;ates  at  the  meetings  of  the  British  Association. 

I  have  much  pleasure  in  submitting  this  Report  to  the  Society, 
in  the  hope  that  it  will  recognise  the  advantages  of  Mr. 
Hopkinson's  proposaL 

No  other  matter  called  for  my  action  as  delegate  from  this 
Society. 


VIL — An   Ether    Percolator ,  for  Estimation  of   Fats,   d-Cy   in 
Organic  Substances.     By  Donald  Macphail,  M.B.,  CM. 


[Read  before  the  Society,  January  5th,  1881.] 

To  thoroughly  extract  fatty  or  other  matters  soluble  in  ether 
from  organic  substances  by  ordinary  washing  and  maceration  is  a 
very  tedious  and  unsatisfactory  proceeding,  as  a  great  many 
successive  washings  are  required  to  make  the  process  complete, 
and  it  heat  is  required,  the  use  of  a  flame  is  very  apt  to  cause  an 
explosion  and  conflagration.  Owing  to  the  great  trouble  entailed 
by  the  ordinary  methods,  experienced  during  investigations  in  the 
chemical  composition  of  diseased  bone  at  present  being  prosecuted 
in  the  Pathological  Laboratory  at  the  Western  Infirmary,  and  the 
large  quantity  of  ether  wasted,  we  found  it  necessary  to  devise 
some  apparatus  to  economise  both  time  and  mateiial.  Such  an 
apparatus  was  made,  and,  after  many  experiments  and  much 
modification,  has  assumed  the  form  here  shown.  (See  Plate.) 
A  description  and  drawing  of  the  percolator  were  published  in 
the  Journal  of  Anatomy  and  Physiology  for  October,  1880  (vol. 
XV.).  The  one  shown  here  is,  however,  more  simple  in  construc- 
tion,  and  more  easily  made.  It  is  constructed  of  glass  tubing  of 
various  sizes,  with  pierced  india-rubber  corks  and  grey  india- 
rubber  tubing  for  the  couplings,  dec.  It  can  be  made  by  any  oue^ 
at  the  cost  of  a  few  shillings. 

The  apparatus  has  proved  very  useful.  It  works  safely  and  easily, 
and,  once  set  in  action,  will  work  for  hours  without  further  atten- 
tion, keeping  a  continuous  stream  of  pure  ether  passing  through 
tbe  substance  under  treatment,  and  that  with  almost  no  loss  of  ether 


Drom  evapciasiQiL :  ul  fact.  oGoLd  cm^  Joiileb  be  oukie  peixecfilj  tight, 
ciu^re  wonlii  be  no  Icm  ot  edier  az  oZL  In  due  marhinp  in  oae  sK 
che  W«»&»rTi  Imirxnarv  die  ■'hiunhpr  in  whick  die  jaixctzice  under 
cpsatmeni:  id  enntameii  dll^  vidi  edter  .uiii  t^inpoa  iiaeif  abocn  ten 
r.imes  in  dft<een  xmnii-^itrs.  Aj  die  <:ii;iJiirvr  recexrcH  afoom  8  cc. 
ot  edier  «ia^  dme.  i^  tuiiuw?  duit  die  edier  pmses  diroiigk  SE  the 
ra.t^  of  320  oc.  per  aour.  or  7  liurej*  n.S)  cc  over  \\  gaUoiis)  in 
tventv-toar  h«.»Tm:  %cA  dii:s  Lu  «ii>rs  widi  x  loes  of  oniT  abixct  40  cc 
out;  of  die  60  pur  ltl  vhen  die  nm'hine  Ls  aec  joing — a  loas  rea&Ily 
irxoru'liaerahLe  when  we  ccciduer  die  amoant  of  work  die  small 
q;iantL?j  of  *rdirr  ia  made  co  d*x  Tbe  neceissary  he&t  is  got  hj  the 
use  of  hoc  water  froca  the  tapti  widi  whicii  Libcrxsones  are  atamllj 
Ected  ap,  ^  diac  .^hoold  an  escape  at  ether  vapoar  occur  £nom  any 
deff^ctri  in  the  coaplings  or  other  joLnLs«  diere  is  no  risk  of  con- 
fiagracion  rrom  contact  with  a  tiame. 

Fir^t,  to  explain  the  conatmcdon  ot   the  apparatixsy  and   then 
the  Eoanner  in  which  it  works. 

A  long  piece  of  giaaa  tabing  (a),  about  \  inch  in  diameter,  is 
bent  into  a  U  shape,  ao  as  to  have  one  Hmb  30  inches  long,  the 
other  24  inches,  and  the  cross  piece  7^\  inches.  Up^m  each  limh 
there  is  fitted  a  jacket  (  b^,  b^)  of  ^inch  glass  tubing,  closed  at  both 
endn  by  two-holed  india-mbr^r  corks,  through  which  the  U-tnbe 
passes,  each  jacket  allowing  the  tu>je  to  project  about  2  inehee 
from  its  lower  end.  Through  the  corks  at  the  upper  end  of  the 
machine  are  passed  the  ends  of  a  T-tube  (c),  the  stem  of  which  is 
turned  upwards,  and  then  bent  over  and  carried  to  the  sink. 
This  tulje  acts  as  overflow  pipe  to  the  two  cvlinders^  Throogh 
the  cork.s  at  the  lower  ends  of  the  cylinders  are  passed  T  tubes 
(x  and  Y),  which,  by  an  arrangement  of  clips,  act  as  inlet  pipes 
when  the  apparatus  is  working,  or  as  outflow  pipes,  as  may  be 
necessary.  The  T  tube  at  x  is  connected  with  a  hot  water  tap, 
that  at  Y  with  a  cold  water  tap.  The  end  of  the  long  limb  of 
the  U  tube,  which  projects  through  the  cork  at  the  bottom  of 
cylindrsr  b',  is  bent  so  as  to  pass  through  the  india-rubber  oork  of 
the  flask  (d),  and  the  end  of  the  other  limb  passes  through  the 
cork  (also  india-rubber)  of  the  test-tube  (e).  This  cork  has  a 
short  piece  of  glass  tubing  passing  through  it  (z),  which  can  be 
ck^scd  with  a  cork.  Blown  on,  or  coupled  to,  the  bottom  of  the 
t««t-tube  then;  is  a  syphon  (f)  of  fine  glass  tubing  (^inch),  the 
u[>pf}r  bend  of  which  reaches  to  a  little  above  two-thirds  of  the  height 
of  the  test-tube,  the  end  passing  through  the  cork  of  the  flask,  and 
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reaching  almost  to  the  bottom  of  that  vessel.  The  flask  is  set  in 
a  tin  canister  (o),  which  has  a  half-inch  metal  inlet  pipe  soldered  in 
near  the  bottom,  and  a  similar  overflow  pipe  near  the  top.  The 
inlet  pipe  is  connected  with  a  hot  water  tap.  The  whole 
apparatus  is  fostened  to  an  upright  board,  with  a  folding  shelf,  on 
which  the  canister  rests.  The  apparatus  thus  constructed  is 
ready  for  use. 

The  ether  is  put  into  the  flask,  between  two  and  three  ounces 
being  generally  enough  to  keep  the  apparatus  working  for  eighteen 
or  twenty-four  hoursL  The  substance  to  be  washed  is  put  into  the 
test-tube,  a  small  pellet  of  purified  cotton-wool  wrapped  in  muslin 
being  first  put  in  to  act  as  a  filter.  The  test-tube,  syphon,  and 
flask,  are  then  adjusted  to  the  rest  of  the  apparatus,  the  canister 
slipped  over  the  flask  from  beneath,  and  the  shelf  put  in  below 
the  canister.  The  hot  water,  which  must  have  a  temperature 
between  60*"  and  70*  C,  is  allowed  to  flow  through  the  canister, 
and  the  ether  soon  boils.  At  the  same  time  the  hot  water  is 
allowed  to  flow  into  the  cylinder  b\  the  clip  x  being  closed,  but 
that  at  T  being  open,  and  the  small  tube  at  z  also  open.  The 
hot  water  will  flow  up  the  long  cylinder  and  down  the  short  one, 
escaping  at  t,  quickly  heating  the  whole  apparatus,  so  that  all  the 
air  is  driven  out  by  the  ether  vapour.  As  soon  as  the  air  has 
been  expelled,  which  is  seen  by  ether  vapour  escaping  by  the  open 
tube  at  z,  that  tube  is  corked,  the  clip  at  t  closed,  and  the  cold 
water  turned  on  into  the  cylinder  at  b^,  which  drives  the  hot 
water  out  of  that  cylinder,  bringing  the  long  overflow  pipe  into 
operation.  Thus  set  going,  the  apparatus  is  ready  to  work  for 
hours  without  further  attention. 

The  ether,  vapourized  in  the  flask,  is  carried  up  the  heated  tube 
within  the  long  cylinder,  and  is  condensed  in  the  tube  within  the 
short  or  cold  cylinder.  It  flows  down  and  collects  in  the  test  tube 
till  it  reaches  the  level  of  the  upper  bend  of  the  syphon,  when  it 
at  once  runs  over  into  the  flask  again,  carrying  with  it  the  dis- 
solved matter,  and  this  process  is  repeated  without  intermission 
as  long  as  the  machine  is  kept  working,  or  sufficient  ether  remains 
to  fill  the  test  tube  up  to  the  required  level  This  level  can,  of 
course,  be  altered  at  will  by  lengthening  or  shortening  the  sjphon. 

In  this  way,  all  the  substances  that  are  soluble  in  ether  are 
thoroughly  dissolved  and  washed  out  by  being  constantly  acted 
on  by  fresh  quantities  of  pure  ether,  and  as  the  process  goes  on 
they  gradually  accumulate  in  the  flask. 

Vol.  Xm.— Na  1.  o 
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To  stop  the  machine,  turn  off  the  hot  water,  and  open  tlie  dip 
at  X  and  turn  off  the  hot  water,  at  the  same  time  opening  the 
tobe  at  z  to  allow  air  to  enter  as  the  ether  vapour  in  the  tube  is 
condensed.  As  the  hot  water  in  the  long  cylinder  runs  out  at  x, 
the  cold  water  from  the  other  cylinder  follows  it  across  the  T-tube 
at  the  top,  and  rapidly  cools  the  whole  apparatua 

When  it  is  wished  to  boil  the  substance  to  be  analysed  in  the 
ether,  they  may  be  put  together  into  the  flask  and  a  simple  tube 
substituted  for  the  test-tube  and  syphon,  so  that  the  vapour  of  the 
boiling  ether  is  condensed  and  flows  back  directly. 

This  apparatus  will  doubtless  ensure  more  accurate  results  in 
analyses  of  organic  tissues  than  can  be  obtained  by  the  methods 
hitherto  in  use  in  physiological  or  pathological  laboratories.  By 
increasing  its  size  it  would  be  available  for  much  larger  quantities, 
and  should  be  found  useful  for  making  etherial  extracts  in  phar- 
maceutical and  other  chemical  operations. 


Descriptioit  of  Plate. 

A. — LoDg  U-tnbe,  within  which  the  ether  vapour  is  conveyed  and  con- 
densed. 

B^ — Hot  water  jacket,  sorronnding  a. 

B*. — Cold  water    do. 

c — Common  overflow  pipe  from  b^  and  B^ 

D. — Flask  containing  ether. 

B. — Chamber  containing  the  substance  to  be  washed  with  ether. 

F. — Syphon  conveying  ether  from  e  to  d. 

o. — Tin  jacket  with  inlet  and  overflow  pipe,  within  which  the  flask  d  is 
heated. 

X. — T-tube,  the  horizontal  limb  of  which  acts  as  inlet  pipe,  and  the  verti- 
cal  (when  open)  as  outflow  pipe  for  b^ 

v.— Do.  forB'. 

z. — ^Tnbe  through  cork  of  e,  through  which  air  is  expelled  or  admitted. 
(This  opening  is  in  reality  the  safety  valve  of  the  machine.) 
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VIJX— On  a  Method  offoreUUing  the  Quality  of  Wheat  HarveeU 
by  the  Wheat  Bhaeomi,  Translated  from  the  French  of 
M.  Bidardy  of  Rouen  (Secretary  of  the  Society  Centrals 
d'Agriculture  de  la  Seine-Inferieure),  by  F.  J.  Rowan. — 
CJommunicated  by  St.  J.  V.  Day,  C.E.,  F.R.S.K,  &c. 


[Read  before  the  Society,  January  5th,  1881.] 

We  spend  nearly  two-thirds  of  our  human  existence  in  probing  the 
liidden  mysteries  of  the  futura     Curiosity,  ambition,  unrest — all 
tbe  motives  of  the  human  heart  tend  to  our  penetrating  the  secret 
of  that  "  to-morrow  "  which,  according  to  the  poet,  we  cannot  take 
from  God.     With  some,  this  perpetual  aspiration  towards  the 
^u:^known  is  little  more  than  a  protest  against  the  miseries  of  the 
present ;  but  the  prescience  of  the  future  may  be  considered  the 
'^  philosopher's  stone  "  of  industry,  of  speculation,  and  of  commerce. 
To  predict,  even  some  days  in  advance,  a  political  event  of  import- 
^J=^ce,  is  enough  to  enrich  one  by  speculation  in  the  Funds;  the 
kzxowledge  of  coming  atmospheric  changes  renders  weighty  services 
*^o  agriculture ;  it  is  also  for  the  seafaring  man  a  certain  pledge  of 
^^^^ty*    In  brief,  uncertain  chances  in  commercial  operations  would 
*>«  sensibly  lessened  if  we  could  foresee,  even  approximately,  the 
-'^^^^'^^y  or  abundance  of  the  commodity  in  which  we  do  business. 
^  -'^  certain  of  these  commodities — ^the  cereals,  for  example — this 
^^^"y^Aiion  would  be  of  advantage  not  only  to  a  few,  for  in  the  case 
^*   we  have  just  cited  it  would  represent  an  interest^  both 
and  social,  of  the  first  importance, 
tte  actual  state  of  our  knowledge,  the  value  of  a  harvest  of 
^aot  be  appraised  before  the  threshing — that  is  to  say, 
r^jTQ^     .  ®^  ®^  August  at  the  soonest     By  this  time  the  markets 
^^^^^^     ^cixxg  countries  which  are  more  southern  than  we  are  are 
^^^,        '^aded  by  business ;  and  when  there  is  scarcity  in  them  a 
A  ^«ro  b©e»  ^^*^  which  renders  transactions  heavier  than  they  would 
1^^   tdnx A      ^  ^^^  demand  had  been  met  two  months  sooner,  or  at 

leu  the  produce  was  lower  than  it  is  at  the  moment  of 

^jjj       7*^  and  patient  study  of  the  flower  (or  blossom)  of  wheat, 
o  1^^^^^  ^*"^  ^*  ^  possible  to  predict  a  good  or  bad  harvest 
♦a      ^  to  30th  June,  and  it  is  this  conviction  that  I  here 
^  to  you. 


100  Pki''-j^:'i^ica'  Sixifty  cf  Glaa^c^ 


Hie  ccmpkte  Tej^ri^u: n  cf  a  vbeat  pknt  dhideB  itadf  into  four 
pLAai?s  or  fieriods  which  are  verj  disdnct.  riz. : — 1ft.  the  genninm- 
tk-i: :  'IzA,  xht  foliacecus  Testation :  Srd.  the  blofinming and  fierdliz- 
mz  <  fe«:-Tii.dation );  anu  4ih.  the  nf«nxng  vhich  caiaes  the  milky  juice 
of  the  graiii  to  £|&ss  into  the  »tate  of  glaten  and  stardL  Eiuh  of 
th^esrr  {^la^es  reqaire^  a  nxeii  Amocnt  of  heac,  which  is,  however, 
difierent  in  each  caar-. 

1.  Germb^ation  L>  content  with  little,  5  or  6  degrees  Cent. 
( =  41  to  42  S  Fahr.)  <-if^oe  tor  the  grain  condned  in  the  earth, 
to  develop  the  herlaeei'iLs  shoot  containing  alresdv  the  elemoitB 
of  the  fntur^  ear,  which  can  easily  l«  distingoished  with  a  nucro- 
jwofje  of  SO  diameters. 

2.  This  commencement  of  the  ear  is  then  protected  agminst  the 
cold  which  Ls  exj^ierieneed  in  Jannaiy,  February,  Hardi,  and  April, 
by  a  idieath  of  nve  superposed  Irave&  The  development  of  these 
embryonic  leaves,  what  I  have  csilled  the  foliaceons  v^etaticHi,  the 
prodnction  of  stnbble  and  of  its  knobs,  demands  a  tempentore  of 
ir»  or  10  degrees  (-39  or  C0*>  Fahr.):  it  may.  however,  be  satisfied 
with  a  little  less. 

3.  We  come  now  to  tbt*  tnily  critical  phase,  that  of  the  fer- 
tilizing. Ill  an  article  published  in  the  journal  Lllhuiraticnj 
of  3rd  June.  IS 60.  and  more  recently  and  completely  in  the 
Journal  fV AgricuHtirt  yratiqut,  I  have  minutely  described  the 
a/imimVyle  organs  V>y  means  of  which  it  prot^eeds  in  s  nutritive 
plant  par  excellence,  and  the  various  phenomena  thioii|^  which  it 
{iOiifles.  I  only  ref^-r  to  it  here  to  establish  the  fact,  that  a  certain 
elevation  of  temfierature  is  indispensable  to  the  lateral  opening  of 
the  anther-)  to  an  extent  sufficient  for  the  alisorption  of  the  pollen, 
which  the  act  of  fertilizing  consumes.  Tliis  temperature  is  22 
fh^ees  /71'G  Fahr.).  The  lise  or  the  fall  of  the  thermometer  is 
equally  df-cisive  when  the  blossoming  of  the  wheat  has  reacdied  its 
culminating  point.  If  it  faUs  below  22  degrees,  especially  if  rain 
c^/mes  uneziiectedly,  not  only  do  the  anthers  not  open,  bat  many 
of  them  do  not  even  come  out  of  the  euvelopt*  repi^esented  at  E  in 
figure  D,  in  the  Plate.  A  large  number  of  the  small  spikes  or  ears, 
wiArly  all,  if  these  atmospheric  conditions  are  prolonged,  miscarry 
and  remain  ht<.*rile — all  hope  of  a  harvest  is  lost.  If  22  degrees  are 
r#<»cb':^l,  on  th^-  contrar}*,  feililizing  takes  place  under  normal  condi- 
tioriM,  and  does  not  require  for  its  realization  more  than  15  or  20 
minutes,  acconling  to  a  botanist  of  Rouen — one  minuie  only, 
according  to  my  view,  is  general,  and  then  I  do  not  fear  to  aflEirm 


;»r  of  Wheat  B.Sp:keleHorSii»UI«isolid.M;t  exists  mthelar.  CSpiV-ciftl-.^ii*' 
-D.  Spikelet.  open  as  «  fan  shevag  on  the  leii  Side  at  E  the  flower  lot  ii\QssDm\  ^ 
^xUHiiv^. and mclii:  aghc  aide  it  E  the  fTowen  after  feiUiitmg 
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>'  ■■'. 
that  the  crop  may  be  considered  as  already  safe,  ^'although  bad 

weather  may  come  during  the  period  of  ripening.    •'..•".• 

Thus,  in  observing  the  thermometric  variations  at'.lh^  time  of 
blossoming,  and  in  following  attentively  the  phendimena;  in 
studying  the  ear  (A);  in  examining  one  by  one  each  of  its  spikelets 
(B  and  C);  and  in  being  assured  of  the  quantity  of  these  .which 
have  been  fertilized,  we  have  the  means  of  foretelling,  if^jopt 
-exactly,  at  least  very  approximately,  what  will  be  the  future  pr6<r 
duce  of  the  harvest^  and  this  by  the  15th  to  30th  June,  as  I  have 
already  said.  The  advantages  which  would  accrue  to  agriculture 
and  commerce  by  putting  in  practice  a  system  so  easy  of 
application,  are  much  too  evident  to  need  descanting  upon. 

An  examination  of  what  took  place  in  1862  may  serve  to 
illustrate  these  rules  which  I  would  establish.  Germination  was 
effected  under  good  conditions;  the  wheat  was  not  sufficiently 
advanced  to  cause  it  to  suffer  by  the  rigorous  cold  which  marked 
the  commencement  of  the  winter.  The  cold  in  January,  February 
and  March,  held  back  the  foliaceous  vegetation,  which  in  May 
reached  its  full  activity.  In  June,  at  the  critical  time,  the  tem- 
perature kept  at  10  to  12  degrees  (50  to  53*7  Fahr.),  and,  the 
organs  having  arrived  at  their  full  development,  the  situation  was 
one  of  extreme  anxiety  for  several  days.  But  on  the  15th  a 
temperature  of  15  degrees  (59  Fahr.)  was  reached,  and  on  the 
20th  the  thermometer  registered  24  degrees  (75*2  Fahr.).  The 
work  of  fertilizing  could  not  be  carried  on  under  better  conditions, 
ao  that,  although  subsequently  one  could  note  thermometric  oscil- 
lations which  went  as  low  as  14  degrees,  yet  the  harvest  was  not 
less  rich  than  we  had  desired  it  would  ba 

Further,  we  are  not  the  first  to  attribute  to  the  blossoming  of 
the  wheat  an  influence  of  which  the  cultivators  did  not  know  well 
enough  how  to  take  note,  for  the  Chinese,  who  are  pre-eminently 
a  people  of  observation,  have  given  attention  to  it  much  before  us. 

In  his  curious  "Voyage  en  Chine"  (tom.  ii,  p.  354),  Father  Hue 
relates  what  follows  of  a  conversation  which  he  had  on  this  subject 
-with  one  of  his  neophytes.  He  says,  "  He  told  us  that  the 
numerous  kinds  (species)  of  wheat  arrange  themselves  in  two 
classes,  viz.:— -(1)  that  of  which  the  blossoming  always  and 
invariably  commences  during  the  night;  and  (2)  that  which  cannot 
blossom  but  in  da3rtime.  The  choice  of  soils  and  the  time  of 
sowing  ought  to  vary  according  to  the  kind  of  wheat,  and  he 
maintained  that  to  fail  to  recognise  these  two  classes,  and  to 
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•  •  * 

conform  to  .the'  regulations  prescribed  for  each  of  them,  was  to  be 
greatly  expo^je^  to  bad  harvests." 

This -is;  *-inoreover,  not  the  first  time  it  has  been  proved  that 
in  the  •strife  between  the  Chinese  and  us  on  the  battle-field  of 
agrieulture,  the  advantage  is  not  ours. 


'\TK. —  On  the  Action  of  Ancpsthetics.     By  Professor  M'Kendrick. 

[Read  before  the  Society,  5th  Janaary,  1881.] 

At  the  meeting  of  the  British  Medical  Association  in  Manchester, 
in  1877,  a  committee  was  appointed  to  investigate  the  action  of 
anaesthetios.  The  committee  oiiginally  consisted  of  John  G. 
M*Kendrick,  M.D.,  Professor  of  Physiology  in  the  University  of 
Glasgow;  Joseph  Coats,  M.D.,  Pathologist  and  Lecturer  on 
Pathology,  Western  Infii-mary,  Glasgow ;  and  William  Ramsay, 
Ph.D.,  Assistant  to  the  Professor  of  Chemistry  in  the  University 
of  Glasgow.  Dr.  Kamsay  retired  from  the  committee  on  his 
appointment  to  the  Chair  of  Chemistry  in  University  College, 
Bristol,  when  David  Newman,  M.B.,  Pathological  Chemist^ 
Western  Infirmary,  Glasgow,  became  a  member  of  the  committee. 
The  various  agents  used  were  administered  to  animals,  and  the 
effects  on  the  heart  and  on  respiration  were  observed.  The  com- 
mittee used  a  method  on  fi*ogs  by  which  the  effect  on  the  heart  could 
be  observed;  and,  in  the  case  of  some  of  the  agents,  performed  the 
experiment  on  rabbits  and  dogs,  using  artificial  respiration,  and 
exposing  the  heart.  It  may  here  be  remarked  that,  in  these 
experiments,  the  amesthetics  were  given  intentionally  in  large  doses, 
because,  if  any  substitute  for  chloroform  is  to  be  found,  it  must  be 
one  which  may  safely  be  given  in  exceptionally  full  doses.  The 
following  substances  were  administered : — 

1.  Benzine  (C^Hq)  was  used  with  the  frog.  Its  effects  were 
nearly  as  slow  as  those  of  ether,  and  it  produced  struggling; 
weakening  of  the  heart  was  apparent,  but  not  so  great  as  with 
chloroform. 

2.  Acetone  (CgHgO)  produced  only  slight  anaesthesia  in  the 
frog,  even  after  prolonged  administration. 

3.  Pyrrol  (fi^'H.^'^)  produced  anaesthesia  in  frogs  with  con- 
siderable less  rapidity  than  chloroform,   but   great  excitement 
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and  muBcular  spasm  took  place  before  complete  ansesthesia. 
Administered  to  t^iree  young  rabbits  subcutaneouslj,  it  produced 
convulsive  movements,  chiefly  of  the  jaws  and  fore-paws.  Anaes- 
thesia in  these  rabbits  was  doubtful. 

4.  Bichloride  of  Methylene  (so  called,  but,  as  it  has  not  a  definite 
and  constant  boiling  point,  it  is  obviously  a  mixture. — Reputed 
formtda,  OHsClj).  With  frogs,  it  was  found  that  the  heart 
became  quickly  affected,  and  soon  stopped.  With  rabbits,  respi- 
ration rapidly  deteriorated  and  stopped,  while  the  heart  was  still 
beating.  In  an  experiment  with  artificial  respiration  and  exposure 
of  the  heart,  the  heart  was  weakened  and  soon  stopped,  but  not  so 
rapidly  as  with  chloroform.  As  in  the  case  of  chloroform,  the  right 
ventricle  became  enormously  distended — the  first  sign  of  paralysis 
being  the  commencement  of  this  distension. 

5.  Amylene  (C5H1Q)  was  administered  to  rabbits  both  by  cloth 
and  subcutaneously.     No  ansesthetic  effect  was  produced. 

6.  Butyl  Chloride  (C4HgCl)  administered  to  rabbits  affected 
respiration,  but  not  very  rapidly.  In  experiments  with  exposure 
of  the  heart,  the  cardiac  pulsations  became  weaker,  and  ceased 
altogether  after  some  time.  In  one  experiment  it  was  noted  that, 
almost  immediately  after  complete  ansesthesia,  the  respirations 
became  shallow,  and  soon  stopped. 

.  7.  Ethene  IHchloride  (formerly  named  ethylene  dichloride,  or 
I>utch  liquid,  CJ1H4CI2)  produced  convulsive  movements  of  both 
extremities,  continuing  up  to  death.  There  was  no  ansesthesia  up 
to  the  commencement  of  the  convulsions. 

8.  Methyl  Chloride  (CH3CI),  which  boils  at  the  ordinary  tem- 
perature, was  obtained  in  alcoholic  solution  in  a  sealed  tube,  and 
allowed  to  boil  off  into  a  funnel,  into  which  the  muzzle  of  a 
rabbit  was  inserted  After  somewhat  prolonged  use,  there  was  not 
any  abolition  of  reflex  action,  and  the  animal  almost  immediately 
recovered.     The  only  effect  was  slight  drowsiness. 

9.  Ethyl  Chloride  (CjHjOl,  boiling  at  12^  Cent  =53-6'  Fahr.), 
administered  to  rabbits  in  the  same  way  as  the  above,  produced 
rapid  anesthesia ;  but  in  one  case  the  respirations  soon  stopped, 
and  in  another,  when  air  was  admitted  more  freely,  general  con- 
vulsions occurred. 

10.  Nitrous  Ethyl  Ether  (CsHsNOj)  produced  great  excite- 
ment and  convulsions,  almost  immediately  followed  by  cessation  of 
respiration. 
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It  was  apparent  that  the  above  substances  all  presented  d —  '^ 

advantages  which  rendered  them  unsuitable  for  general  use     ^is^^=aa 
anaesthetics.     There  remained  two  agents,  the  actions  of  whic^  h 

were  more  promising.      These  were  isobutyl  chloride  and  ethid^ 
dichloride. 

11.  IsobtUyl  Chloride  (CgHgCl).      A.  ExperimetUs  an  Frogi 
When  it  was  administered  under  a  glass  jar,  complete  ansBsUu 

occurred  in  about  five  minutes.     The  heart  was  then  exposed,  axM^  •    d 

it  was  observed  for  thirty-five  minutes,  during  which  period  ii 
contractions  were  perfectly  vigorous     B.  ExperimerUs  on 
When  it  was  administered  with  a  cloth,  anaesthesia  was  prodo< 
in  three  to  five  minutes.     It  was  continued  after  ansestheeia  ^^  >»' 

nearly  half-an-hour,  without  any  interference  with  respiration.  ^^^m^c 
ExperimerUs  on  Dogs:  It  was  administered  on  cloth;  anasstlie^Ez^E=ia 
was  produced  in  four  minutes.  It  was  continued  for  half-an-hoi 
and  respiration  was  unaffected,  except  slight  occasional  stertor. 

12.  Ethidene    Dichloride   (CgH^Clg,   an   isomeride   of   eti 
dichloride  produced  from  aldehyde).     A.  Experiments  on  Fn 
Administered  as  before.      The  exposed  heart  continued 
slowly  but  regidarly  throughout  the  experiment,  which  lasted  ^ 
one  case  twenty  minutes,  and   in  another  twenty-six  minul 
Ansesthesia  was  produced  in  four  or  five  minutes.     B.  E^ 
on  Rabbits:  It  was  given  on  cloth,  as  usual.      Anaesthesia 
produced  within    four  minutes.      On  one    occasion  respirati« 
stopped,  but  soon  recommenced.     In  experiments  with  artifi( 
respiration  and  exposure  of  heart,  the  cardiac  contractions  oor- 
tinned  vigorous  throughout,  the  observation  being  continued  f'* 
forty  minutes  from  the  first  administration,     c.  Es^i)erimeni8 
Dogs:  It  was  administei*ed  on  cloth.     Anaesthesia  was  produced 
two  or  three  minutes.     In  one  case  anaesthesia  was  accompanied 
with  some  excitement,  manifested  by  squealing ;  the  animal  was  A 
young  puppy.     In  another  case,  a  lai*ge  dog  was  kept  fully  ansBfi- 
thetized  for  half-an-hour,  without  the  slightest  failure  of  respiration 
or  heart.     The  anaesthesia  in  this  case  was  very  rapid,  and  the 
administration  was  intentionally  pushed  with  successive  doses  at 
short  intervals,  as  evaporation  took  place.      The  recovery  was 
rapid,  and  the  animal  manifested  remarkably  good  spirita     D.  Two 
experiments  were  made  on  dogs,  in  which  the  heart  was  exposed, 
artificial  respiration  being  kept  up.      No  failure  of  the  heart's 
action  was  observed,  although  the  air  passing  into  the  lungs  was 
saturated  with  the  vnpour  of  the  substance.     There  was  complete 
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On  quickly  removing  the  bottle  containing  ethidene 
^lichloride,  and  substituting  chloroform,  the  right  side  of  the  heart 
almost  immediately  to  become  distended,  and  to  be  dark  in 
dour,  and  the  activity  of  the  heart  rapidly  &iled.  The  contrast 
the  effects  of  the  two  substances  on  the  heart  was  most 
Practically,  a  dog  will  live  for  a  lengthened  period  in  a 
^^fcate  of  complete  ansssthesia  under  the  influence  of  ethidene 
^3Ljlcliloride,  while  it  will  die  in  a  short  time  when  chloroform  is 


Tt  is  worthy  of  observation  that  two  substances,  butyl  chloride 

iaobutyl  chloride,  which  have  the  same  chemical  formtda, 

hibit  such  different  actions.     The  same  contrast  is  seen  in  the 

fUB  of  ethene  dichloride  and  ethidene  dichloride,  which  are 

isomeria     The  first  of  these  produced  severe  convulsions, 

the  second  promises  to  be  an  excellent  anaesthetic  without 

convulsive  effect& 

Jt  was  now  necessary  to  test  the  effects  of  the  two  substances 

results  seemed  promising,  and  of  any  others  of  similar  value, 

ihe  higher  animals  and  on  man. 

r.  M'Kendrick  then  described  the  methods  of  observation, 

illustrated  his  remarks  by  showing  diagrams,  tracings,  and 

^F'Z^'ftratus.     The  complete  report  of  the  committee  having  appeared 

^    <^e  BriUah  Medical  Journal  of  December  18th,  1880,  No.  1043, 

*^  xiecessaiy  here  to  give  only  the  general  results  arrived  at  by 

^  oommittea     These  were  as  follows : — 

A. — Clinical. 

*^     ^Fhe  dose  (administered  on  a  towel)  is  greater  with  ethidene 
chloroform;  but  the  time  necessary  to  anaesthetise  the  patient 
^^^x^per  with  the  latter  than  the  former  agent. 

The  number  of  cases  of  sickness  and  vomiting  is  about  the 

with  the  two  agents,  but  the  duration  is  considerably  pro- 

in  the  case  of  chloroform;  the  occurrence  of  these  symptoms 

xto  relation  to  the  length  of  time  the  patient  has  been  under, 

ference  to  the  quantity  of  ansesthetic  administered  in  a  given 


cnr 


y^     -^^  With  both  agents,  the  pulse  respiration  ratio  is  consider- 

^^  altered  in  a  certain  number  of  cases,  the  pulse  falling  as  the 

^  ^^t^iiations  increase  in  frequency.     With  chloroform,  this  change 

'^     ^ot  only  much  more  marked,  but  its  occurrence  is  also  more 

^^^^Uent  than  .with  ethidene;  the  proportion,  in  our  experience, 


^ 
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being  nine  of  the'  former  to  two  of  the  latter.  There  is  abo  a 
gi-eater  tendency  in  cases  of  chloroform  to  retardation  of  the  hearth 
movements,  and  to  dicrotisni. 


B. — Physiological. 

I.  The  effect  of  ansesthesia  with  chloroform  is  to  increase  the 
amount  of  carbonic  acid  exhaled  in  a  given  time.  The  resultB  of 
our  investigations,  in  connection  with  the  effects  of  anaesthetics 
on  the  gases  of  the  blood,  are  not  sufficiently  reliable  to  permit 
us  giving  results. 

II.  Both  chlorofonu  and  ethidene,  admimstered  to  animals, 
have  a  decided  effect  in  reducing  the  blood-pressure;  while  ether 
has  no  appreciable  effect  of  this  kind. 

III.  Chloroform  reduces  the  pressure  much  more  rapidly,  and 
to  a  greater  extent,  than  ethidene. 

IV.  Chloroform  has  sometimes  an  unexpected  and  apparently 
capricious  effect  on  the  heart's  action,  the  pressure  being  reduced 
with  great  rapidity  almost  to  7iU,  while  the  pulsations  are  greatly 
retarded,  or  even  stopped.  The  occurrence  of  these  sudden  and 
unlooked-for  effects  on  the  heart's  action  seems  to  be  a  sonroe  of 
serious  danger  to  life — all  the  more  that,  in  two  instances^  they 
occurred  more  than  a  minute  after  chloroform  had  ceased  to  be 
administered,  and  after  the  recovery  of  the  blood-pressure. 

Y.  Ethidene  reduces  the  blood-pressure  by  regular  gradations, 
and  not,  so  far  as  observed,  by  these  sudden  and  unexpected 
depressions. 

YI.  Chloroform  may  cause  death  in  dogs  either  by  primarily 
paralysing  the  heart  or  the  respiration.  The  variations  in  this 
respect  seem  to  depend  to  some  extent  on  individual  peculiaritieB 
of  the  animals;  in  some  the  cardiac  centres  are  more  readily 
affected,  in  others  the  respiratory.  But  peculiarities  in  the 
condition  of  the  same  animal  very  probably  have  some  eflfect  in 
determining  the  vulnerability  of  these  two  centres  respectively; 
and  they  may  both  fail  simultaneously. 

YII.  In  most  cases  respiration  stops  before  the  heart's  action; 
but  there  was  one  instance  in  which  respiration  continued  while 
the  heart  had  stopped,  and  only  failed  a  considerable  number  of 
seconds  after  the  heart  had  resumed 

YUL  The  use  of  artificial  respiration  was  very  effective  in  re- 
storing animals  in  danger  of  dying  from  the  influence  of  chlorolorm. 
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In  one  instance  its  prolonged  use  produced  recovery  even  when 
the  heart  had  ceased  beating  for  a  considerable  tima 

IX.  Under  the  use  of  ethidene,  there  was  on  no  single  occasion 
an  absolute  cessation  either  of  the  heart's  action  or  of  respiration, 
although  they  were  sometimes  very  much  reduced.  It  can,  there- 
fore, be  said  that,  though  not  free  from  danger  on  the  side  of  the 
heart  and  respiration,  this  agent  is  in  a  very  high  degree  safer  than 
chloroform. 

X.  In  regard  to  the  effect  of  ansesthetics  upon  the  pulmonary 
circulation;  as  in  the  experiments  on  the  effects  of  the  anaasthetics 
upon  the  blood-pressure,  it  may  be  stated  that  chloroform  produces 
the  most  immediate  effect,  ether  the  least,  whilst  ethidene  occupies 
an  intermediate  position. 

XL  The  quantity  of  air,  and  the  length  of  time  required  to 
restore  the  circulation  in  the  lung,  are  in  an  inverse  ratio  to  the 
amount  of  anaasthetic  vapour,  and  time  necessary  to  stop  it. 

XIL  The  changes  produced  in  the  lung  are  the  same  in  all;  the 
only  difference  being  in  the  rapidity  of  their  occurrence. 

XIIL  The  anesthetics  produce  the  following  changes  in  the 
lungs — (1)  retardation  and  ultimate  stoppage  of  the  circulation  in 
the  lung:  first  in  the  capillaries,  then  in  the  arterioles,  and  sub- 
sequently in  the  larger  vessels;  (2)  the  epithelium-cells  of  the 
meshes  and  their  nuclei  are  no  longer  apparent;  (3)  the  capillaries 
contract  slightly,  and  their  walls  become  less  distinct,  or  even 
disappear  from  view,  and  the  enclosed  corpuscles  may  become  more 
or  less  diaint^^ted. 

XIY.  The  effect  of  ether  and  ethidene  upon  the  heart,  after 
artificial  respiration  for  seven  and  five  minutes  respectively,  is 
simply  to  produce  a  retardation  of  the  impulses — ethidene  having 
the  moat  marked  effect  Chloroform  not  only  produces  a  retarda- 
tion of  the  pulse,  but  the  ventricular  contractions  are  delayed  and 
ali^tly  separated  from  the  auricular,  and  an  auricular  contraction 
may  immediately  follow  the  ventricular.  The  auricular  contrac- 
tions frequently  occur  without  any  corresponding  ventricular 
movementa 

C. — Practical. 
The  concluaioTiB  to  be  dnCwn  from  the  above  observations  are 


X  It  18  not  oaky  neoenacy  to  watch  the  effect  of  the  annsthetic 
npon  the  polae^  bat  it  is  also  requisite  to  have  regard  to  the 
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pifipimtuxL  We  moat  not  oolj  take  into  aoeoant  ihe  danger  a£ 
sudden  stoppage  of  the  respirmtkKi,  bat  most  who  lemaBber  that^ 
in  the  eTent  of  abnornud  increaie  of  respiiatorr  movanenti^  h 
msLj  become  PHHPntial,  for  the  safety  of  the  patient^  to  temponurOj 
diacontmne  the  adminiatratioii. 

II.  Owing  to  the  tendencT  of  dilorofonn  and  ethidina — par- 
ticnlarlj  chloroform — to  redace  the  blood-preuamo  iiiddenlyy  not 
only  during  the  administration  of  these  agent%  bmi  alto  after  they 
hare  been  gtopp^  for  some  little  time  (a  source  6t  serioos  danger), 
it  M  neceaeouy  for  the  person  who  has  charge  of  the  adminiairmtion 
of  the  dm^  to  be  on  the  look-oat  for  symptCMns  of  thia  oecanrence, 
both  daring  the  time  the  agent  is  being  given,  and  for  some  time 
after  the  patient  has  recovered  from  its  more  evident  effectsL 

III.  The  danger  of  death,  from  stoppage  of  the  respiratoiy 
f  anetionSy  most  be  borne  in  mind  in  every  caae  in  whidi  annathe- 
tic8  are  given;  bat,  of  perhaps  greater  importance  is  the  danger 
from  interference  with  the  proper  action  of  the  heart — particolarly 
when  it  is  remembered  that,  by  artificial  means,  we  can  combat 
the  former  contingency.  It  might  even  be  advisable,  in  oertain 
cases,  to  introdace  a  tracheal-tabe  by  the  moath — so  as  to  enable 
OS  to  force  air  into  the  langs  by  means  similar  to  those  adopted  in 
ezfieriments  with  animals;  or,  in  circamstanoes  where  soch  a  pio- 
cerlare  was  impracticable,  tracheotomy  might  be  performed,  with 
the  same  object  in  view.  Artificial  respiration  shoald  be  continaed 
even  though  all  evidence  of  cardiac  action  has  ceased. 

lY.  As  r^ards  comparative  danger,  the  three  anesthetics  may 
lie  arranged  in  the  following  order:  chloroform,  ethidene,  ether; 
and  the  ease  with  which  the  vital  functions  can  be  restored  may 
Ijo  conversely  stated,  thus:  the  circulation  is  more  easily  re- 
f;8tablished  when  its  cessation  is  due  to  ether  than  to  ethidene; 
and  when  the  result  of  ethidene,  than  when  chloroform  has  been 
UHfsd.  The  advantages  which  chloroform  possesses  over  ether — ^in 
being  more  agreeable  to  the  patient  and  more  rapid  in  its  action, 
in  the  complete  insensibility  produced  by  it,  and  the  absence  of 
excitement  or  movements  during  the  operation — are  more  than 
counterbalanced  by  its  additional  dangers. 

V.  The  chief  dangers  are:  (1)  sudden  stoppage  of  the  heart; 
(2)  reduction  of  the  blood  pressure ;  (3)  alteration  of  the  poise- 
respiration  ratio;  and  (4)  sudden  cessation  of  the  respiratum. 
The  danger  with  ether  approaches  from  the  pulmonary  rather  than 
from  the  cardiac  side — so  that,  by  establishing  artificial  respiration, 
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-we  have  a  means  of  warding  off  death.  Its  advantages  are,  to  a 
great  extent  obviated  by  the  use  of  ethidene  ;  whilst  the  dangers 
of  chloroform  are  also  reduced  to  a  minimum. 


-The  History  of  Selenium,  <md  its  Action  in  the  BeU  Photo- 
phone,  with  description  of  a  recently  designed  Form.  By 
Andrew  Jamieson,  C.£.,  Principal  of  the  Glasgow  Mechanics' 
Institution. 


[Read  before  the  Society,  January  19th,  1881.] 

Selenium. 

Symbol— Se.    Atomic  Weight,  79-0.    Vapour  Density,  79-0. 
Specific  Gravity,  4*5  (varies  according  to  condition.) 

Discovery, — The  discovery  of  the  non-metallic  element^  Selenium , 
is  due  to  Berzelius,  who  observed  it  in  the  deposit  of  sulphuric 
acid  chambers  at  Gripsholm,  in  Sweden,  in  the  year  1817,  when 
attempting  to  obtain  a  new  source  of  supply  of  the  rare  metalloid 
Tellurium.  The  word  Selenium  is  derived  from  ScX^n;,  the 
<<  moon,"  on  account  of  its  analogy  to  the  element  Tellurium  (from 
tellus  the  '*  earth"),  which  had  been  previously  discovered,  and  so 
named  by  Klapworth  in  1798. 

Where  found, — Selenium  is  widely  distributed,  but  only  obtain- 
able in  small  quantities  from  iron  and  copper  pyrites,  the  smoke 
firom  the  furnaces  of  silver  works,  the  deposit  in  leaden  chambers 
at  sulphuric  acid  works,  and  it  has  also  been  found  in  the  metallic 
chambers  of  commerce. 

Chemical  Modifications  of  Selenium. — Selenium  appears  in  two 
chemical  allotropic  modifications,  the  one  soluble  and  the  other 
insoluble  in  disulphide  of  carbon  (C  S,).  The  soluble  modification 
has  been  called  ^'  Red  Selenium,"  ^'  Amorphous  Selenium,"  and 
*^  Glassy  Selenium,"  and  is  a  bad  conductor  of  heat,  and  a 
nan-conductor  of  electricity;  the  insoluble  variety  (which  is  the 
element  of  interest  this  evening)  has  been  called  ^^  Black  Selenium," 
'*  Granular  Selenium,"  "  Metallic  Selenium,"  and  "  Crystalline 
Selenium,"  and,  as  we  shall  see,  conducts  not  only  heat,  but  is, 
under  certain  circumstances,  a  good  conductor  of  electricity. 

Discovery  of  JSlectrical  Properties, —  Mr.  Willoughby  Smith, 
£lectrician-in-Chief  to  the  Telegraph  Construction  and  Mainten- 
ance Company,  was  the  first  to  bring  prominently  before  the 
scientific  world  the  curious  electrical  properties  of  Selenium.     He 
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was  the  mangaimtor  of  an  important  vpXaoL  of  electrical  teatuig 
and  signalling,  in  connection  with  the  Imying  of  loog  tetegnph 
cables,  in  which  it  was  necessary  to  emplor  Toy  high  nutenoeB 
of  many  megohms,  and,  as  a  single  megohm  coil  of  well-made 
platinum  silver  wire  costs  about  j£80,  hia  attention  was  drawn  to 
the  high  resistance  odfered  by  Selenium  to  the  paaeage  of  electric 
currents;  and  he  found  by  employing  this  material  tiiat  he  could 
produce  equally  satisfactory  results  ^~ith  it  at  a  cost  of  £1  10& 
Selenium  was  thus  drst  introduced  as  of  practical  oae  in  the 
imitortant  process  of  the  lajring  of  the  1873-74  Atlantic 
cables  (and  not  ISGG,  as  rvported  in  Engineerii^).  It  has  beeo 
found  so  well  adapted  to  the  purposes  required,  that  the  Telegn^ih 
Construction  and  ^laintenance  Company  never  fit  out  an  expedi- 
tion of  importance  without  including  resistance-boxes  of  this 
curious,  and,  as  we  shall  see,  subtle  material 

Mr.  Willoughby  Smith  soon  recognised  (with  the  aimiitaiice  of 
Mr.  May)  the  peculiar  effect  which  light  had  upon  the  electriad 
conductivity  of  Selenium,  and  he  brought  before  the  Sodefey  of 
Telegraph  Engineers  several  important  communications  (Fefamaiy 
4th,  1873;  March  8th,  1876;  Nov.  28th,  1877),  whexein  he 
described  a  number  of  experimental  data  relating  to  this  matter.* 

Dr.  Werner  Siemens  of  Berlin,  Dr.  C.  W.  Siemens  of  London, 
Professor  \V.  G.  Adams  of  London,  Lieut  Sale^  ILK,  the  fiarl 
of  Rosse,  and  other  electricians,  took  up  the  matter  at  this  poiii^ 
and  proved  several  curious  facts,  a  few  of  the  results  of  which  the 
author  hopes  to  show  you  this  evening. 

It  remained,  however,  for  Professor  Graham  Bell  and  Mr. 
Sumner  Tainter  to  discover,  last  summer,  the  possibility  of  the 
transmission  of  musical  notes  and  speech  by  means  of  an  tmdiihi- 
tory  beam  of  light  projected  from  a  vibrating  disc  upon  a  senaitiTe 
Seleuium  cell,  in  circuit  with  an  electric  battery  and  tel^hona 
Following  up  Professor  Bell's  discovery,  the  author  has  just  loiiiid 
out  that  musical  sounds  and  speech  can  be  transmitted  by  a  gas 
flame  (governed  by  the  voice)  acting  on  Selenium. 


*  It  was  at  Aden  in  January,  1880,  on  completion  of  the  laying  of  the 
Eastern  and  South  African  Cable,  that  the  author  first  thought  of  a  scheme 
for  aatomatic  translation  on  long  submarine  cables  by  using  Selenium. 
He  there  saw  Mr.  Willoughby  Smith's  high  resistauces,  read  his  and  other 
communications  to  the  Soc.  Telegraph  Engineers ;  and  afterwards  at  Bfalta 
<lrew  out  several  plans  for  carrying  the  idea  into  execution.  He  is  now 
working  at  it,  believing  it  to  be  practicable  and  worth  accomplishing. 
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Previous  to  Professor  Bell's  experiments  the  following  ^ts  had 
been  elicited  regarding  the  action  of  light  and  heat  upon  granular 
Selenium,  viz.,  that  it  exhibits  three  different  electrical  properties 
aooording  to  the  temperature  and  mode  of  treatment  by  which  it 
is  prepared. 

JSlectrical  Modifications  of  Selenium.  I. — If  prepared  at  a  tem- 
perature not  above  100''  C,  it  is  a  very  bad  conductor  of  elec- 
tricity, and  does  not  acquire  conducting  properties  on  exposure  to 
li^t,  or  a  short  exposure  to  moderate  heat-rays  (not  above  lOO""  C). 

IL — ^If  melted  quickly,  and  raised  to  210"*  C,  and  maintained 
at  that  temperature  for  a  short  time,  but  cooled  suddenly,  it  con- 
ducts moderately  well,  ia  poorly  sensitive  to  light,  and  its  con- 
ductivity increases  upon  exposure  to  heat. 

ILL — Jf  melted  and  pressed  between  the  wires  of  a  gridiron- 
form  of  ceU,  then  cooled,  and  afterwards  carefully  annealed  by 
being  raised  to  various  temperatures  between  120*"  C.  and  215""  C, 
and  kept  at  the  latter  temperature  for  some  time,  and  then  very 
gradually  cooled,  the  glossy  appearance  of  the  Selenium  becomes 
changed  to  a  dull  slate  or  lead  colour;  the  conductivity  is  generally 
very  good,  say  from  500  to  3000  ohms  in  the  dark,  and  about  half 
that  on  exposure  to  light.  Selenium  thus  prepared  is  very  sensi- 
tive to  light,  and  fairly  so  to  heat.  Some  experimenters  affirm  that 
the  conductivity  decreases  with  iising  temperature  (at  least  within 
certain  limits),  and,  therefore,  the  Selenium  acts  like  a  metal,  but 
the  author  has  in  every  case  foimd  that  even  a  slight  increase  of 
temperature  was  accompanied  by  an  increase  of  conducting  power, 
or  that  light  and  heat  had  a  similar  effect. 

Na  IIL  is  the  best  plan  for  securing  a  "  sensitive  cell;"  but,  as 
Selenium  varies  so  much  in  quality,  no  hard  and  fast  rule  can  be 
laid  down  for  manipulating  it 

Effects  o/ Light,  Heat,  and  Time  on  a  Selenium  CeU. — The  con- 
ducting power  of  a  cell  is  affected  by  time  on  exposure  to  light 
That  is  to  say,  a  momentary  exposure  will  reduce  the  resist- 
ance, -and  a  continued  exposure  will  still  further  do  so;  but 
it  takes  a  much  longer  time  to  regain  its  normal  resistance  after 
being  so  exposed,  on  being  confined  to  darkness.  For  example,  if 
exxxMed  for  a  couple  of  seconds  to  the  light  from  an  ordinary  gas 
burner,  at^  say,  two  inches  distance,  it  will  take  several  minutes 
at  least  to  oompletely  r^ain  its  original  resistance  on  return  to 
darkneai.  Dayli^^  and  direct  sun  rays,  have  a  much  greater 
effect  in  reducing  the  resistance  than  gas  or  lamp  light     Earl 
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Kosse  and  Dr.  Werner  Siemens  showed  that  the  yariation  in 
resistance  of  Selenium  is  proportional  to  the  square  root  of  the 
intensity  of  illumination.  The  author  has  found  that  a  Selenium 
cell  increases  in  resistance  with  age  (see  Table  II.  of  Tests,  Na  3 
Cell,  author's  form).  This  is  contrary  to  some  results  of  Professor 
W.  G.  Adams  (see  Report  Soc.  Tel.  Eng.  Journal,  Vol.  VL, 
p.  442).  Granular  or  ^^  insoluble  Selenium ''  has  no  definite  meltiDg 
point,  as  it  softens  gradually,  like  sealing  wax,  upon  the  application 
of  heat,  whereas  the  red  or  amorphous  form  has  a  constant  melting 
point  at  217''  C,  and  both  forms  pass  off  in  a  dark  reddish  brown 
vapour  at  somewhere  below  700°  C.  This  vapour  can  be  con- 
densed either  in  the  form  of  scarlet  flowers  of  Selenium,  or  dark 
shining  drops.  Care  must,  therefore,  be  taken  in  dealing  with 
this  expensive  material  not  to  heat  it  too  highly  (say  above  300°  C.) 
The  author  mentions  this  fact,  because  he  unwittingly  allowed  a 
piece  under  treatment  to  disappear  into  vapour  while  attempting 
to  melt  and  smooth  it  down  upon  a  cell  with  a  redhot  iron«  He 
found,  as  far  as  the  rec^uirements  for  melting  Selenium  in  the 
making  of  a  sensitive  Selenium  cell  were  concerned,  that  the 
temperature  need  never  exceed  215°  C,  and  that  the  change  from 
the  glassy  metallic  high  resistance  condition  to  that  of  the  crystal- 
line or  low  resistance  state  takes  place  either  in  the  act  of  raising 
or  lowering  of  the  temperature  somewhere  between  100*  and 
200°  C,  varying  with  the  quality. 

He  also  found  that  it  is  unsafe  to  use  the  Selenium  scrapings 
from  a  cell  made  up  with  brass,  or  copper  gratings  (or  wires)  for  a 
fresh  cell,  for  the  Selenium  forms  with  the  brass  or  copper  an 
intimate  mixture  or  amalgam  [not  a  selenite  of  copper  (Co.  Se.)l 
which  readily  conducts  electricity  like  a  metal,  and  is  very  liable 
to  short-circuit,  and  thus  spoil  the  new  cell. 

Mr.  Willoughby  Smith,  and  others,  infer  from  their  ezperimentSy 
that  the  effect  of  light  upon  Selenium  is  so  far  independent  of  its 
accompanying  heat  rays,  while  some  aflirm  that  the  heat  rays 
conveyed  by  the  light  are  at  the  bottom  of  the  whole  matter. 
Upon  this  point  there  is  considerable  divergence  of  opinion,  and 
the  author,  after  describing  his  form  of  cell,  showing  the  effects  of 
both  heat  and  light  thereon,  by  means  of  Sir  Wul  Thomson's 
reflecting  galvanometer,  joined  up  in  Wheatstone  Bridge  will 
leave  you  to  judge  of  the  cause  and  effect  for  yourselves. 

But  first  of  all  he  will  describe  how  Professor  Bell  constructed 
his  sensitive  cella 
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fiXPIAKATION  OP  PSOFESSOR  BsLL'B  FoRU  OF  SENSITIVE  SeLENIUM 

Cell  adopted  in  his  Photophone. 

Fig.  1  is  a  sectioutd  sketch  of  the  c; liodrical  form  of  Selenium 
cell  employed  by  Professor  Bell,  and  to  which  the  name  P/uilojnle 
might  he  given.  The  cylindrical  surface  is  the  portion  which  is 
sensitive  to  light,  the  rays  of  undulatory  light  being  thrown  upon 
its  cylindrical  face  by  a  pareboloidal  reflector,  in  whose  focus  it  is 
placed.  This  beautiful  little  instniment  consists  of  a  number  of 
circular  discs  of  brass,  about  two  inches  in  diameter,  strung 
upon  a  rod  passing  through  their  common  centre,  and  separated 
from  one  another  by  a  similar  series  of  discs  of  mica  whose  diameter 
is  slightly  smaller  than  that  of  the  brass  discs,  so  as  to  form  with 
the  latter  {when  the  whole  is  built  together  as  a  cylinder)  a  number 
of  grooves  around  its  cylindrical  surface.  The  discs  are  held 
tirmly  together  by  nuts  and  bolts  passing  through  them,  two  of 
which — 6,  and  b^ — are  shown  in  the  diagram,  and  which  form  the 
connecting  screws  for  placing  the  instrument  in  circuit  with  a  pair 
of  telephones  and  a  battery, 

(A) 


Fio.  1. — Longitudinal  Section. 


End  Yitni 


Every  altomaU  disc  of  brass  is  in  metallic  connexion  with  the 
the  upper  bolt  (&i),  but  is  insulated  from  the  lower  bolt  (b^,  and 
vict  vena,.  The  grooves  formed  around  the  cylindrical  suriace  are 
filled  in  with  Selenium  by  the  following  process  :  the  cylinder  is 
tirst  heated  to  a  temperatnre  somewhat  above  that  of  the  fusing 
VoL,XIIL— No.  1.  H 


114 


I'kiloiophieal  Soeiely  of  6i€Ugo%o. 


point  of  Selenium  (214°  C),  and,  while  hot,  a  stick  of  Seleniam 
is  rubbed  over  ita  sur&ce,  filling  up  the  grooTes  and  oovering  the 
edges  of  the  biasii  discs.  The  cylinder  is  then  put  in  a  lathe,  and 
the  Selenium  is  turned  off  until  the  edges  of  the  brass  diaca  are 
bared.  Before  beiog  sonsitive  to  light,  however,  the  Selenium  has 
to  be  annealed  bj  first  heating  it  until  signs  of  fnsion  b^in  to  show 
tliuoiselves ;  when  the  heat  is  removed,  the  fused  portjons  re- 
crystallize,  and  the  Selenium  is  thereby  i-endered  both  s 
light,  heat,  and  a  conductor  of  electricity. 


rai 


y^ 


Flo.  3. 

Pig.  2  is  a  diagi-an)  in  which  the  connection  of  the  brass  discs 
with  the  external  or  telephonic  current  is  more  cleoiiy  shown. 
Here  it  will  be  seen  that  the  discs  numbered  1,  3,  5,  7,  and  so  on, 
are  connected  to  one  terminal  of  the  telephone  T  by  the  wire  from 
b^,  while  the  even  discs,  2,  4,  6,  8,  <tc.,  are  in  connection  with  the 
other  terminal  through  the  wire  b^  and  biittery  £. 

Tke  Author's  Form  of  Selenium  Celt. — While  trying  to  construct 
a  cell  according  to  the  above  directions  liud  down  by  Professor  Bell, 
the  author  was  struck  with  the  mechanical  difficulty,  time,  and 
expense,  necessary  to  make  a  good  one,  and  he  was  iJso  unaUe  to 
make  Mr.  Shadwell  Bidwell'a  foi-m,  not  having  a  screw-cnttii^ 
lathe  at  hand ;  so,  after  trying  several  plans,  he  fell  upon  the 
following  simple,  and  at  tlie  same  time  quick  and  inexpensive, 
method  shown  in  Fig.  («),  and  on  the  black-board  to  audience 
as  well  as  showing  mo«l<.']  antl  how  made  : — 


A  Glass  plate  or  tube,  -^'^-iuch  thick,  IJ  inches  wide,  and  4 
inches  long,  upon  whlcli  are  tightly  wound  two  separate  nit  or 
cotton  covered  copper  wires ;  for  about  3  inches  along  the 
middle  of  the  plate  or  tube,  leaving  the  ends  of  the  wire  free,  but 
tucked  in  by  a  sailors'  serving  hitch,  so  as  to  ke^  tliem  from 


Mr.  Andrew  Jamibson  (m  iht  HUtortf  o/Sekrdum,  d;c.    115 

Blackening  and  xmreeTing;  A  red  hot  poker  or  iron  is  now  applied 
to  the  daiicened  part  marked  (Selenium),  so  as  to  bom  off  the 
insulating  coyering  (silk  or  cotton)  from  that  part  (1  inch  by  2 
inches)  and  thus  leave  a  series  of  bare  parallel  copper  wires, 
separated  from  each  otiier  by  the  double  thickness  of  the  silk  or 
■cotton  covering,  say  (-^in.).  These  copper  wires  are  now  care- 
fully cleaned  and  brightened  by  glass-paper,  and  the  blank  cell 
placed  about  2  inches  above  a  Bunsen  burner,  with  a  sheet  of  tin- 
plate  and  mica  intervening,  see  Fig.  (6),  so  as  not  to  bum  the 
under  side  of  the  insulating  cotton  or  silk,  or  inserted  in  an  air 
bath  as  in  Fig.  (c). 

The  temperature  of  the  blank  cell  is  now  raised  to  215°  C  or 

thereby,  and  a  bar  of  Selenium  carefully  rubbed  over  the  surface  of 

the  bared  wires  and  parallel  with  them,  not  crosswise,  for  fear  of 

short-circuiting  them  by  contact.     Very  shortly  a  coating  of  melted 

glossy  Selenium  will  cover  the  sur£EU^  of  the  spaces  between  the 

bared  wires.     When  such  has  taken  place,  allow  the  cell  to  cool, 

^md  gently  scrape  off  any  superfluous  Selenium,  iintil  the  wires 

^ost  appear,  taking  care  not  to  use  these  scrapings  for  a  fresh 

<^il,  for  the  author  has  already  remarked  he  found  to  his  cost 

^tuX  trouble    that    the    Selenium    seems    to    form  an  intimate 

^-^acture    with  the  copper    which    readily    conducts    electricity, 

^4   upon  using   it    for    another    cell,   he    short-circuited    and 

^T^oSled  it.     The  cell  is  now  treated  as  explained  for  Plan  III., 

^-•-^*=ig  gently  heated  to  about   210°  C,   kept  for  some   time  at 

^*^^*  temperature,  and  very  gradually  cooled  and  annealed.     The 

^^^  JEzce  of  the  Selenium,  under  this  operation,  changes  from  a 

S^c^^^gy  to  a  dull  slate  colour,  and  the  structure  becomes  crystalline. 

'^-  well  to  have  the  cell  joined  up  during  the  whole  operation 

the  Wheatstone  Bridge  and  i*eflecting  galvanometer,  and  to 

frequent  balances  of  the  resistance,  in  order  to  ascertain  liow 

are  progressing,  and  to  note  any  sudden  change  or  possible 

^^^^^H^arcuiting  (as  well  as  temperature,  according  to  Fig.  d  and 

-'-^  next  page).     The  gradual  cooling  is  easily  i^erformed,  by 

"^'^"^ting  the  ring  of  the  stand,  and  the  temperature  of  the  sur- 


\ 


Selenium  should  be  noted  from  time  to  time  by  thermometer. 

^^    author  found  that  by  keeping  on  a  constant  current  from  a 

"^'^^^iwy  of  6  Leclanch^  cells,  the  resistance  fell  more  quickly,  and 

^^''^'"^r,  than  without  it,  during  annealing,  but  he  could  not  observe 

^'^^'^  any  beneficial  effect  was  obtained  by  doing  so,  for  after  the 

VJ^^^t^ry  was  removed  the  resistance  rose  again.     With  a  sti*onger 
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battery,  24  LeclanchSs,  he  observed  some  cells  polarize  slightlj 
like  a  fault  in  a  submarine  cable,  the  resistance  decreasing  with 
cuiTent  from  the  zinc  pole,  and  increasing  with  that  from  the 
carbon.  There  is  a  turning  point  about  21 3""  C.  (see  table)  where 
the  resistance  again  rises,  and  the  author  did  not  c^iny  the 
temperature  ver}*  high  for  fear  of  spoiling  the  celL 


TABLE  I. 

Table  showing  times,  temperatures,  and  corresponding  renstanoes, 
with  remarks  when  annealing  circular  form  of  cell  No.  I.  in  hot- 
air  bath,  according  to  Figs.  C.  joined  up  in  Wheatstone  Bridge, 
without  Telephone  in  circuit. 


January  14th,  1881. 


Tliiu*  in  Air  Batli. 

ToiDp.  C. 

Rei*.  in  ohms. 

; 

1(H)  riHiiig. 

12.45  p.m.  H. 

M.     ''. 

0 

5 

130^ 

4000 

0 

10 

140" 

2300 

0 

35 

160 

1700 

0 

45  . 

185" 

800 

0 

48 

195" 

650 

0 

50 

200** 

440 

i                   ^ 

55 

210" 

300 

'                     0 

56 

210" 

290 

1 

213^- 

Change. 

0 

58 

215 

'          350 

;    1.45  p.m. 

1    0 

1  35 

2  45 


218' 
140' 
125' 


55 

no 

3 

15  I 

100 

3 

18 

90 

600 
295 
350 


360 
360 
340? 


Rlscark.*!. 


i  6  licclanche' Cells  used,  cell ! 
>  put  in  cold  at  10"  C.  after  | 
i  scraping  off  surplus , 
(  Selenium. 

iRes.  falling  with  increas- ' 
log  temperature,  cell  in, 
pn^ect  darkness  the  whole ! 
time.  I 

Beha^-ing  like  a  dielectric. ' 


{  At  213*"  Ctheres.  chan£|ed 
from  decreaainK,  andn^d- 
ly  rose  with  a  lew  degrees 
of  iucreasinff  temperature. 
Behaving  like  a  metaL 

Lowered  temp,   and  cell 
fell  again  in  res.    Left  cell 
to    cool    very  gradually, 
taking  various  readings. 
Resistance  rising  again. 


Cell  removed,  and  allowed 
to  cool,  afterwards  tried 
with  singing  flame,  and 
distincUv  heard  the  note 
in  Telepnone. 
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TABLE  n. 

Histoiy  of  No.  3  Flat  Cell,  made  up  December  27th  (3  p.m.),  1880, 
showing  increasing  Resistance  with  Age. 


Date. 

Temp.  C. 

Resistance  in  Ohms. 

In  Dark. 

In  Ught, 
about  S  In. 
from  Gas. 

Difference 
in  Ohma  be- 
tween Dark 

and  Light 

1880— Dec.  27 
,.    28 
„    29 
f»     »> 

1881-Jan.  10 

..    14 
„     15 

„     19 
.,     19 
„    22 

.,    24 
»    25 
„     26 

About  100"  C. 

About  16'  C. 
Aiterseveral  exposures 
to  light. 

Nearly  freezing. 
About  6**  C. 
After  handling  and  ex- 
posure. 
At  Lecture.  —  Warm 

room  about  20**  C. 
After  Lecture. — ^After 
long  confinement  to 
darkness,  lO*"  C. 
9'C. 
9-6'  C. 
6'C. 

530 
2700 
3180 
2250 

3300 
6700 
6900 
6200 

5740 

8500 

Z&C8500 
Z&C8500 
Z&C9900 

1690 
1620 
1120 

2350 
2900 
3200 
3900 

2340 

3440 

3040 
3100 
3940 

1010 
1560 
1130 

950 
3800 
3700 
2300 

3400 

5060 

5460 
5400 
5960 

The  following  tests  have  been  taken  since  (up  to  time  of  appearing 

in  print) : — 


DiUe. 

Temp.  C. 

Resistance  in  Ohms. 

In  Dark. 

In  Light, 

about  2  in. 

from  Gas. 

Differennce 
in  Ohms  be- 
tween Dark 
and  Light. 

1881— Jmn.  28 

»    31 
Feb.    3 

„    16 
„    17 
„    21 

9-3 

10" 
12- 

\V 

ir 

10* 

8300 

(Tery  damp  day) 

9740 
9540 

10,000 

9730 

11,100 

4940 

4270 

3500 

(near  Gas) 

4700 
4370 
5170 

3360 

5470 
6040 

5300 
5360 
5930 

The  above  cell  answers  admirably  and  truthfully ;  and  the  author  cannot 
•detect  any  diminiition  in  its  power  of  reproducing  singing  and  speech,  in 
fact,  it  seems  to  have  greater  resilience  than  when  younger  and  of  lower 
resistanoe.  He  is  thenfore  led  to  believe  that  cells  of  very  low  resistance 
— say  300  ohms — are  not  so  good  as  those  of  from  3,000  to  10,000  ohms. 

N.Bb<— The  author  is  carefnUy  testing  this  cell  didly,  and  hopes  to  get 
.  a  oo-efficient  of  resistance  for  temperature  thereby. 


to  the 


e. — Tke  Ain&or  sken  exp^Axaed  the 
iA  jn  intermittcss  fighty  accavdiz^  tt>  RrofeaMur  BeO  s  plmi 
thk  fe^»*""™  oeD,  ij  appusUK  kdndlT  waade  for  him  bf 
G.  GtBkam  of  tfe  GU^gov  Tekfiboae  Exchazxse.  aod  a  Un 
fnm  Mr.  Wlofee  tiie  ortiftan  Hie  appansss  ^Kg.  €.i  ooos 
M  rembring  dbe  (A)  viA  Icn  eqvailT  pndied  hples.  one  i 
dttfueter,  moring  at  an j  desired  speed  paraliri  lo  a  nxed  pi 
with  a  aii|^  liole,  so  that  a  beam  of  light  prelected  from  th 
light  iqjOD  thia  opening  was  free  to  pass  and  impinge  up 
neuatiTe  oeU  (C;  whenever  any  one  of  the  h(4es  in  A  was  o] 
lo  that  in  B. 

The  resolt  of  the  abore  experiment  is>  that  a  note  can  be 
in  the  teiq>hone  corresponding  to  the  number  of  times  per 
thai  the  iif^t  is  free  to  pass  through  the  <^iening  in  the  pla 
and  reduce  the  resistance  in  the  Sdenium  cell 

Ejydanalion  of  Profeuar  BeWs  Phctopkime^  Fig.  S. — ^\^ 
come  to  Professor  Bell's  Photo[^one.  In  the  large  d 
htmg  en  the  wall,  of  which  fig.  3  is  a  copy,  you  will  s 
j^enend  amngement  shown  in  section,  and  here  on  the  t 
the  apparatus  in  detail  before  you: — 


Fig.  3. 


Xbo  portion  to  the  left  of  the  figure  is  the  transmittiiig  app 
and  that  to  the  right  the  receiving  instrument.     The  rayi 
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XIL — The  Wire  Tdephow.     By  Professor  James  Blyth. 


[Read  before  the  Society,  16th  Febmiuy,  1881.] 


It  is  well  known  that  the  action  of  all  telephones,  worked  by 
electricity,  depends  upon  the  variation  of  the  current  strength  in 
the  circuit  produced  by  the  source  of  sound;  and,  henoe,  all  tele- 
phones may  be  diTided  into  three  great  daases,  depending  upon 
the  three  distinct  ways  in  which  the  current  strength  iu  any 
electrical  circuit  can  be  varied. 

We  know  from  Ohm's  Law  that  the  current  strength  in  any 
circuit  is  eaq>re8sed  in  terms  of  the  proper  imits,  by  the  quotient 
of  the  electro-motive  force,  which  sends  the  current  through  the 
circuit,  and  the  resistance  which  it  encounters;  or,  in  symbols,  if  £ 
represent  the  electro-motive  force,  and  R  the  resistance,  and  C  the 
current  strength,  we  have  C  =  ^^  . 

Now  the  fraction  -i^  can  be  varied  in  three  distinct  ways— ^/ir^t, 
by  varying  £  and  keeping  R  constant ;  wcondly^  by  varying  R 
and  keeping  £  constant ;  and  ihxrdly^  by  varying  both  £  and  R 
simultaneously,  but  in  such  a  way  that  the  ratio  -^  ^  altered. 

These  three  ways  of  varying  the  current  strength  give  rise  to 
the  three  distinct  forms  of  telephone. 

The  best  example  of  the  first  class — that  is,  of  those  which  are 
worked  by  varying  the  electro-motive  force,  and  keeping  the  resist- 
ance constant — ^is  the  ordinary  Bell  telephone; 

The  second  class — ^that  is,  tboee  worked  by  varying  the  resistance 
and  keeping  the  electro-motive  fbroe  constant — includes  the  various 
forms  of  loose  contact  or  micn^hone  telephones,  whether  used  as 
transmittera  or  receivers.  This  class  also  includes  the  wire  tele- 
phone in  one  of  its  forms. 

The  examples  of  the  third  class  are  as  yet  comparatively  few, 
and,  althou^  they  possess  great  scientific  interest,  they  cannot  be 
Miid  to  have  much  practical  importance.  To  this  dass  belongs  the 
wire  telephone  in  one  of  its  forms,  and  also  the  new  red  phosphorus 
telephone,  of  which  I  shall  have  to  q>eak  presently. 

By  a  wire  telephone  is  simply  meant  a  wire  more  or  less  fine,  in- 
included  in  a  circiiit,  which  conveys  a  varied  or  interrupted  current, 
and  to  whidi  is  attached  some  fimn  of  apparatus  for  intensifying 
the  sounds  ptodiiced  by  the  variatkm  of  the  current  strength. 
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In  what  follows  we  shall  suppose  ourselves  in  possession  of  a 
wire  circuit,  including  a  battery,  and  we  shall  also  suppose  that 
there  are  two  gaps  in  the  circuit — A  and  B— distant  from  each 
other,  and  into  which  various  forms  of  transmitter  and  receiver 
can  be  readily  inserted.  Throughout  we  shall  denote  the  sending 
station  by  A  and  the  i*eceiving  station  by  B. 

The  earliest  and  simplest  form  of  wire  telephone  is  that  due  to 
an  observation  first  made  by  De  la  Rive.  He  found  that,  when 
an  interrupted  current  passed  through  a  circuit,  soimds  could  be 
heard  proceeding  from  the  wire  when  it  was  placed  cloee  to  the 
ear.  This  result  can  be  very  readily  shown  by  the  following 
method,  due  to  Dr.  Ferguson  : — 

Place  any  form  of  make-and-break  at  A,  and  insert  a  moderately- 
fine  wire  at  B,  to  which  is  attached  a  string  telephone.  The 
sounds  of  the  make-and-break  at  A  will  be  distinctly  heard  pro- 
ceeding from  the  string  telephone  when  held  close  to  the  ear.  It 
has  been  found  that  these  sounds  are  loudest  when  an  iron  wire  is 
inserted  at  B,  and  that  they  are  varied  when  the  iron  wire  is  heated 
by  a  spirit  lamp.  It  is  clear  from  this  that  the  magnetic  soacep- 
tibility  of  the  wire  has  something  to  do  with  the  effect,  as  has  been 
shown  by  Prof.  Chrystal  and  Dr.  Ferguson. 

Let  us  next  place  a  tuning  fork  interrupter  at  A  and  the 
electric  sonometer  at  B. 

This  last  consists  of  an  ordinaiy  monochord,  with  a  wire  stretched 
between  the  bridges,  and  through  which  the  current  is  led  Astride 
this  wire  stands  a  strong  electro-magnet,  with  pointed  poles  so 
placed  that  the  points  are  close  to  the  wire,  but  leaving  it  frec^dom 
to  move  up  and  down  in  a  vertical  plane  between  them.  The  electro- 
magnet is  worked  by  a  separate  battery  of  8  or  10  Grove's  cells. 
When  the  magnet  current  is  turned  on,  and  the  tuning  fork  set 
agoing,  a  loud  soimd  is  heard  proceeding  from  the  monochord  wire, 
and  this  sound  is  greatly  intensified  when  the  distance  between  the 
bridges  is  so  adjusted  as  to  bring  out  the  fundamental  note  or  any 
of  the  harmonics  of  the  tuning  fork.  The  wire  is  also  seen  to 
vibrate  rigidly  up  and  down  in  the  vertical  plane,  across  the  lines 
of  force,  due  to  the  magnet  We  have  obviously  here  a  timed 
motion,  which  accounts  for  the  loudness  of  the  sound,  and  by 
properly  adjusting  the  tension  of  the  wire  it  can  be  made  to  divide 
very  beautifully  into  nodes  and  loops.  The  sound  produced  is 
very  much  the  same  with  copper  and  steel  wires,  which  shows  that 
it  is  not  confined  to  magnetic  metals  alone. 
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As  a  modificatiQii  of  the  last  experiment,  let  us  place  at  A  the 
▼iolin-microphone,  and  at  B  a  fine  iron  wire,  to  the  middle  point 
of  which,  and  at  right  angles  to  it,  is  attached  the  thread  of  a  large 
string  telephone,  made  out  of  a  toy  drum. 

A  tune  played  at  A  is  very  distinctly  reproduced  at  B,  and  it  is 
rendered  still  louder  by  placing  a  magnet  over  the  wire  at  B. 
When  no  magnet  is  present,  the  sound  here  is  obviously  caused 
by  the  heating  and  cooling  of  the  fine  iron  wire  by  the  passing 
of  the  current.  Under  this  effect  the  wire  will  lengthen  and 
shorten  and  so  give  a  series  of  pulls  to  the  parchment  drum- 
head. 

I  have  found  that  this  form  of  receiver  can  also  act  as  a  trans- 
mitter to  an  ordinary  Bell  telephone  employed  as  receiver.  To 
show  this,  let  the  wire  telephone  be  inserted  at  A  and  a  Bell 
telephone  at  B,  when  it  will  be  found  that  a  song  uttered  into  the 
drum  will  be  reproduced  in  the  telephone.  This  expmment 
succeeds  best  when  a  small  string  telephone  with  a  mica  disc  is 
used.  The  sound  is  also  greatly  increased  by  placing  a  magnet 
across  the  fine  iron  wire.  In  this  case  we  have  both  a  variation 
of  the  electro-motive  force  and  the  resistance  taking  place.  The 
electro-motive  force  is  varied  by  the  movement  of  the  wire  across 
the  lines  of  force  due  to  the  magnet,  and  the  resistance  is  varied 
by  the  heating  and  cooling  of  the  wire. 

It  is  obvious  that  in  this  experiment  we  could  employ  several 
wires  at  B,  and  get  the  heating  effect  produced  in  each  of  them. 
Suppose  a  series  of  such  fine  wires  to  be  placed  there,  and  then 
imagine  their  lengths  gradually  shortened,  in  order  that  the  heat 
produced  in  each  may  be  greater.  If  we  continue  shortening,  we 
shall  at  last  come  to  a  set  of  wires  infinitely  short — that  is,  to  a 
set  of  mere  points  in  contact ;  and  this  reduces  us  at  once  to  a  mul- 
titude of  loose  contacts  acting  as  a  receiver.  The  experiment  can 
be  shown  as  follows: — Still  using  the  violin-microphone,  let  us 
place  at  B  a  jelly-jar,  filled  with  fragments  of  carbon  or  small 
screw  nails,  through  which  the  current  is  led. 

It  will  now  be  found  that,  with  a  moderately  strong  battery  in  the 
circuit,  a  tune  played  at  A  is  reproduced  at  B  out  of  the  jelly-jar. 
It  is  somewhat  difficult  to  see  how  the  resistance  at  B,  and  the 
lieating  and  cooling  effect  there,  acting  upon  the  surroimding  air, 
is  varied  so  sympathetically  as  to  reproduce  even  musical  sounds. 
I  have  also  foimd  that  the  violin-microphone  at  A  can  be  replaced 
by  a  precisely  similar  jelly-jar  a&  that  used  at  B.      When  this  is 
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done  songs,  and  even  articulation,  to  a  certain  extent,  uttei^d  into 
the  jelly-jar  at  A  are  reproduced  at  B. 

While  investigating  the  cause  of  this  result,  I  was  led  to  employ 
at  B,  instead  of  a  multitude  of  loose  contacts,  a  single  loose 
contact,  which  could  be  perpetually  renewed.  This  was  managed 
by  arranging  the  receiver  in  the  form  of  what  Professor  Chxystal 
has  called  the  grindstone  telephone.  It  consists  of  a  Hamittg 
needle,  with  its  point  bent  at  a  right  angle,  placed  so  that  the  point 
presses  lightiy  on  the  circumference  of  a  bismuth  drum,  which  can 
be  slowly  turned  by  hand.  The  other  end  of  the  needle  is  attached 
to  the  centre  of  the  mica  disc  of  a  phonograph  mouthpiece.  The 
current  is  led  from  the  needle  point  to  the  bismuth  cylinder,  and 
the  violin-microphone  is  used  as  transmitter. 

When  a  time  is  played  at  A  it  is  faintly  reproduced  at  B,  even 
when  the  cylinder  is  still,  but  it  is  very  remarkably  intensified 
when  the  cylinder  is  slowly  rotated.  Here  there  must  be  a  strong 
heat  produced  by  the  current  as  it  passes  from  the  needle  point  to 
the  cylinder,  and,  as  I  imagine,  an  incipient  fusion  takes  place 
there,  which,  in  a  manner,  makes  the  metals  stick  together.  This 
adhesion  is  broken  by  the  rotation  of  the  cylinder,  and  again  takes 
place  when  a  new  point  of  contact  is  made.  These  stickings  and 
lettings-go  give  a  series  of  rhythmical  jerks  to  the  mica  disc,  which 
accounts,  as  I  think,  in  great  part  at  least,  for  the  sounds  produced. 
This  explanation  is  also  borne  out  by  the  (act  that  the  experiment 
succeeds  better  with  bismuth  than  with  any  other  metal  which  I 
have  tried.  Now,  in  looking  over  the  appropriate  tables,  I  ^d 
that  bismuth  possesses  both  the  lowest  specific  heat  and  also  the 
lowest  thermal  conductivity  of  all  metals.  On  both  these  accounts 
the  heat  produced  at  the  needle  point  by  the  same  current  in  the 
same  time  would  be  obviously  greater  for  bismuth  than  any  other 
metaL  It  is  noticeable  also  that  we  have  here  in  contact  the 
strongest  paramagnetic  and  the  strongest  diamagnetic  metal — steel 
and  bismuth  respectively.  Whether  this  may  have  anything  to  do 
with  the  efiect,  I  am  imable  to  say. 

While  experimenting  recently  with  the  photophone,  I  was  led 
to  try  various  substances  as  a  substitute  for  selenium,  and,  amongst 
others,  amorphous  phosphorus.  Although  I  found  the  red  phos- 
phorus insensitive  to  the  action  of  light,  I  discovered,  curiously 
enough,  that  it  could  be  used  in  the  double  capacity  of  battery  and 
loose  contact  as  the  transmitter  in  a  telephone  circuit.  That  it 
acts  as  a  voltaic  cell  is  shown  by  placing  a  thin  layer  of  it  between 
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two  parallel  plates  of  iron  or  brass,  and  joining  the  plates  to  the 
terminals  of  a  galyanometer,  when  a  strong  deflection  of  the  spot 
of  light  is  observed.  By  reyendng  the  wires  the  direction  of  the 
deflection  is  reversed,  although  there  is  no  very  evident  reason 
why  an  elementary  substance  between  two  similar  metal  plates 
should  produce  a  current  in  the  one  direction  more  than  the  other. 
It  depends,  however,  I  believe,  greatly  upon  the  number  of  points 
of  contact  being  greater  on  the  one  plate  than  on  the  other.  •  I 
have  observed  also  that  the  deflection  varies  when  pressure  is 
Implied  to  the  plates,  and  that  in  some  cases  the  direction  of  the 
current  changes  by  pressura 

I  have  constructed  a  telephone  transmitter  of  the  red  phosphorus 
as  follows : — ^A  shallow  wooden  box  is  made,  and  a  brass  plate 
placed  at  the  bottom  of  it,  to  which  one  electrode  wire  is  attached. 
The  red  phosphorus  is  then  put  in,  and  a  thin  brass  membrane 
placed  on  the  top,  to  which  the  other  electrode  is  attached.  A 
mouthpiece  is  arranged,  whereby  the  voice  can  be  directed  against 
the  thin  brass  membrane.  Where  this  is  inserted  at  A  and  a  Bell 
telephone  at  B,  and  without  any  battery  in  the  circuit,  sounds 
uttered  into  the  transmitter  at  A  are  distinctly  reproduced  at  B. 
When  a  moderately-strong  battery  is  included  in  the  circuit,  the 
sounds  come  out  with  singular  clearness  and  loudness. 

This  is  an  example  of  the  third  clajss  of  telephones. 

When  a  current  is  passed  for  a  few  minutes  through  the  phos- 
phorous transmitter,  and  then  turned  ofl^  a  hissing  sound  is  heard 
proceeding  from  the  phosphorus  for  several  minutes  after  the 
current  ceases. 

I  have  not  yet  had  time  fully  to  investigate  this  action  of  the 
red  phosphorus,  and,  in  consequence,  am  unable  to  say  how  long 
the  action  would  last 


XIIL — Visible  Speech,  and  its  Application  to  the  Teaching  of  the 
Deaf,  By  T.  H.  Jones,  Principal  of  the  Greenock  Articulation 
School,  lately  from  the  School  of  Yocal  Physiology,  Boston 
University,  U.S.A. 


[Read  before  the  Society,  2iid  March,  1881.] 


The  system  of  Visible  Speech,  as  its  name  implies,  is  a  method  of 
making  visible  to  the  eye  the  action  of  the  vocal  organs  in  pro- 


138  FhUoaophical  Society  of  Glasgow, 

ducing  speech,  and  is  of  British  origin,  having  been  invented  by 
Alexander  Mehdlle  Bell,  F.KI.&,  F.RS.S.A.,  ProfesBor  in  Edin- 
burgh ;  but  Professor  Bell  having  removed  to  America,  the  method 
was  first  extensively  applied  to  the  teaching  of  the  deal  in  that 
country  by  his  son,  Alex.  Graham  Bell,  well  known  as  the  inventor 
of  the  telephone,  and  later  of  the  photophone. 

The  lecturer  described  Visible  Speech  as  the  result  of  ProifiBssor 
Bell's  belief,  after  many  years'  study  of  phonetics,  that  a  iyi«nt-ifi^ 
alphabet  might  be  made,  based  on  the  action  of  the  vocal  organs ; 
and,  after  overcoming  the  many  difficulties  that  presented  them- 
selves, in  1864  he  completed  a  set  of  physiological  sjrmbola,  in 
which  the  sounds  of  all  languages  may  be  written,  and,  as  by  this 
means  the  mechanism  of  speech  is  made  visible  to  the  eye,  he  called 
the  system  Visible  Speech. 

In  the  alphabet  of  Visible  Speech  each  organ  or  part  of  otgan 
used  in  articulation  is  distinguished  by  a  simple  symbol,  pictorial 
of  the  part  used ;  also,  the  relation  of  the  parts  to  each  other  is 
pictured  in  a  similar  manner,  so  that  each  letter  or  aymbol  repre- 
senting  any  soimd  shows  at  once  what  organs  are  used,  and  how 
they  are  placed  in  making  that  sound. 

In  the  alphabet  of  Visible  Speech  every  letter  has  a  fixed 
phonetic  value,  which  is  the  same  in  all  languages,  every  sound 
has  its  own  appropriate  symbol,  and  each  part  of  every  letter  a 
definite  physiological  meaning.  The  uses  to  which  this  system 
have  been  applied  are  many  and  various.  Among  those  notioed 
were  its  application  to  the  learning  correct  pronunciation  of 
foreign  languages,  to  remedying  defects  of  speech  in  hearing  per- 
sons, to  the  teaching  of  elocution ;  while  its  utility  in  the  mission 
field  was  evidenced  by  its  use  in  China  by  the  Bev.  Mr.  Murray, 
missionary  from  Scotland,  who  used  the  system  in  translating 
large  parts  of  the  New  Testament  into  the  Chinese  spoken  lan- 
guage, for  the  use  of  the  uneducated  classes.  The  Chinese  spoken 
language  and  the  Chinese  written  language  are  two  entirely 
distinct  tongues.  The  Chinese  spoken  language  had  never  been 
written  or  printed  until  Visible  Speech  was  used  for  that  pur- 
pose. Coming  to  the  application  of  the  system  to  the  teaching 
of  the  deaf,  the  speaker  described  the  trial  of  the  system  in  the 
Boston  School  for  Deaf  Mutes,  the  results  of  which  were  so 
satisfactory  that  a  Training  College  for  Teachers  was  established. 
The  system  was  gradually  adopted  by  other  schools,  and  within 
the  last  ten  years  over  twenty  public  and  private  institutions  in 
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America  have  introduced  the  system.  The  plan  of  work  was  then 
explained,  the  two  great  objects  to  be  gained  being — 1st,  To  teach 
the  pupQ  articulation,  or  how  to  express  his  or  her  own  thoughts 
in  spoken  language;  and,  2nd,  to  understand  the  speech  o£  others, 
by  watching  the  motions  of  their  vocal  organs;  this  is  called  lip- 
reading. 

In  the  teaching  of  articulation  the  child  is  first  introduced  to  a 
charts  on  which  is  drawn  the  profile  of  the  human  £eu»,  showing 
the  inside  of  the  mouth  and  the  vocal  organs.  Each  of  these 
organs,  or  part  of  organs,  has  a  simple  mark  or  symbol  which  dis- 
tinguishes it,  and  the  pupil  learns  to  recognise  these  symbols  at  sight 

The  next  step  is  to  combine  the  symbols  to  represent  the  various 
positions  the  organs  assume  in  speech,  and  to  require  the  pupil  to 
place  the  organs  in  the  position  pictured  by  the  symbol  Thus 
the  pupil  becomes  able,  at  sight,  to  take  any  position  required, 
and  the  teacher,  knowing  the  positions  necessary  to  produce  any 
sound,  has  only  to  combine  the  symbols,  and  the  pupil  sees  at  once 
how  he  may  produce  the  sound  with  the  certainty  of  being  correct, 
although  he  cannot  hear  it.  Strange  soimds,  which  nearly  all  deaf 
persons  have,  are  utilised  by  leading  from  them  to  others,  and  then 
dropping  the  useless  and  disagreeable  ones. 

This  was  illustrated  by  writing  upon  the  board,  in  the  symbols, 
the  inarticulate  and  uncouth  sounds,  which  were  the  only  ones 
the  younger  pupils  could  gpLve  when  they  first  came  under  instruc- 
tion, and,  by  eliminating  some  of  the  symbols  and  adding  others, 
from  these  uncouth  sounds  English  letters  were  obtained.  From 
one  of  these,  by  striking  out  the  symbol  representing  a  trill  of  the 
lips,  and  adding  the  symbol  for  voice,  the  sound  of  'Hh''  was 
obtained,  as  in  "then,"  and  from  this  one  sound  no  less  than 
twenty-six  other  TgngHab  sounds  may  be  obtained  by  the  directive 
power  of  the  symbols.  Thus,  one  by  one,  the  sounds  of  our 
language  are  obtained;  these  are  combined  into  syllables  and 
words,  and  these  again  into  sentences.  After  the  pupil  acquires 
power  to  articulate,  force,  pitch,  and  inflection  are  taught,  the 
voice  becoming  more  and  more  soft  and  pleasant  as  the  pupil 
advances. 

Turning  to  the  subject  of  lip-reading,  some  of  the  difficulties 
which  the  deaf  meet  with  in  learning  to  understand  the  speech  of 
others  from  the  motion  of  their  vocal  organs  were  noticed — one 
among  them  being  the  difficulty  of  distinguishing  between  homo- 
phonous  sounds,  which  require  the  same  position  of  the  vocal 
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organs,  and  differing  only  from  each  other  by  one  requiring  a  puff 
of  breath,  another  a  pure  tone,  and  another  a  nasal  tone,  <fec. 

These  differences  easily  distinguish  themselves  to  hearing  ears, 
but  the  deaf  fail  to  perceive  iheoL  They  see  but  the  one  position 
for  all  three,  and  judge  which  sound  is  intended  by  the  connection 
in  which  it  (the  sound)  is  used. 

Here,  however,  Visible  Speech  again  came  to  the  pupil's  aid. 
These  homophonous  sounds  in  our  language  are  carefully  classified 
and  symbolised  in  Visible  Speech,  and  their  combination  with 
other  sounds  in  English  words  noted,  and  thus  the  pupil's  diffi- 
culty in  knowing  what  sound  was  really  uttered  is  very  much 
diminished. 

The  advantages  of  Visible  Speech,  as  proved  by  experience, 
were  thus  summarised  : — 1st,  The  system  is  phonetic,  each  of  its 
letters  representing  but  one  sound,  and  every  soimd  having  its 
own  invariable  letter.  2nd,  It  furnishes  a  means  for  picturing  to 
the  pupils  just  the  position  of  the  vocal  organs  necessary  to  produce 
nny  sound,  and  this,  in  the  case  of  obscure  sounds,  is  invaluable, 
3rd,  Faults  of  articulation  can  be  clearly  represented  to  the  eye  of 
the  pupil,  and  by  the  symbols  he  can  gauge  the  correctness  of  his 
speech,  although  he  cannot  hear  it.  4th,  Strange  and  uncouth 
sounds,  which  many  deaf  persons  have,  may,  by  the  directive  power 
of  the  symbols,  be  utilised  to  form  proper  sounds,  and  so,  instead 
of  a  hindrance,  may  be  made  a  poedtive  help  to  Eqpeech.  5th, 
Homophonous  sounds,  or  those  requiring  the  same  position  while 
really  differing  from  each  other,  may  be  so  classified  and  symbolised 
that  the  difficulty  of  recognising  them  may  be  much  lessened. 

The  practical  results  of  the  system  of  Visible  Speech  were  here 
illustrated  by  various  exercises  with  the  pupils  of  the  Greenock 
Articulation  School,  including  purely  oral  exercises  in  arithmetic, 
grammar,  geography,  visible  speech,  English  money,  use  of  capital 
letters,  and  concluding  with  the  recitation  of  the  23rd  Psalm  and 
Tennyson's  poem,  ^'  Break  !  break  !  break ! "  by  members  of  the 
school,  the  pupils  of  which  were  all  totally  dea^  their  ages  ranging 
from  seven  to  eleven  years. 
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XIV. — ArHficial  Indigo.     By  Abthur  G.  Perkin. 


[Read  at  Meeting  of  Chemical  Section,  March  7,  1881.] 


Indigo  has  been  known  for  many  centuries,  both  as  a  dyestuff  and 
a  drag — in  fact,  its  use  as  such  dates  back  to  the  remotest  antiquity. 
It  was  known  to  many  Eastern  nations,  and  was  at  first  supposed 
to  have  been  originally  imported  from  India ;  but  it  was  subse- 
quently found  to  have  been  in  use  by  nations  having  no  intercourse 
whatever  with  that  country.  Pliny,  in  his  writings,  acquaints  us 
with  the  fact  that  it  was  known  to  the  Greeks  and  Komans,  and 
the  mummy  cloths  are  sufficient  evidence  of  its  use  among  the 
Egyptians.  However,  its  great  value  as  a  dyestuff  was  not  known 
till  the  end  of  the  sixteenth  century,  when  it  was  introduced  from 
India  into  Europe  by  the  Dutch.  Its  use  then  was  strongly  pro- 
hibited, both  here  and  throughout  Europe,  due,  doubtless,  to  the 
opposition  of  the  growers  of  the  woad  plant  (Isatis  tinctoria)^ 
which  was  then  an  important  industry.  Gradually,  however,  it 
superseded  the  woad,  and  early  in  the  eighteenth  century  came 
into  use  in  full  force. 

Indigo  occurs  in  a  genus  of  plants  named  Indigoferay  which  are 

found  in  India,  Africa,  America,  kc.     There  are  about  sixty  species 

of  this  plant,  but  those  from  which  the  colour  is  usually  extracted 

are  the  Indigofera  ArgerUea,  Anil,  Disperma,  and  Tinctoria.    The 

colouring  matter  in  these  and  the  other  Indigofera^  is  wholly 

in  cellular  tissue  of  the  leaves,  and  that  not  in  the  blue  state  in 

which  we  usually  see  indigo,  but  as  a  white  substance,  which 

'^^zoains  so  as  long  as  the  leaf  is  unhurt. 

I^T.  Schunk  has  made  some  very  interesting  researches  on  the 

ffibfcct  of  this  white  body  in  the  Isatis  tinctoria,  and  finds  that 

'*  consists  of  a  peculiar  glucoside,  which  he  terms  indican,  and 

hi€xh  easily  splits  up  into  indigotin  and  a  sugar  called  indiglucin, 

^^«>ilows:— 

C«H„NO„  +  2  H,0  =  CgH^O  +  ^C,B.,,0, 

Indican.  Indigo.  Indiglucin. 

lift       -■.  _ 

^  of  extracting  the  colouring  matter  from  the  plant 


142  Philosophical  Society  of  GkugouK 

are  essentiaUy  ones  of  fermentation,  but  it  would  be  quite  unne- 
cessary for  me  to  enter  into  the  details  of  them.  The  finest  com- 
mercial indigo  is  by  no  means  pure,  containing  as  a  rule  from 
twenty  to  thirty  per  cent,  of  foreign  matter,  consisting  of  such 
bodies  as  clay,  iron,  magnesia,  &c.  The  percentage  of  indigo  in 
samples  in  the  market  varies  from  about  12  to  75  per  cent.  To 
obtain  the  pure  article  from  any  of  these,  one  of  the  best  methods 
is  to  proceed  as  follows  : — 

Powder  the  crude  indigo  finely,  and,  after  digesting  it  with  dilute 
sulphuric  acid,  filter  and  wash.  Next  digest  the  residue  with 
strong  potash,  filter,  wash  again,  and  finally  boil  the  residue  with 
strong  alcohoL  It  is,  perhaps,  better  after  this  to  crystallise  it 
from  aniline,  or  sublime  it,  as  there  is  not  unfrequently  a  litUe 
silica  pi'esent. 

Pure  indigo  is  of  a  deep  bluish-violet  colour.  It  is  tastelesi^ 
inodorous,  and  perfectly  neutral.  Its  best  solvent  is  aniline,  from 
which  it  is  easily  crystallisable.  It  is  insoluble  in  ether,  aloc^ol, 
alkalies,  and  dilute  adds.  Indigo  volatilises  at  290''  0.,  a  pro- 
cess which  is  always  accompanied  by  partial  decomposition,  imleas 
it  be  quite  pure.  If  it  be  finely  powdered,  mixed  with  anhydrous 
acetic  acid,  and  a  single  drop  of  strong  sulphuric  acid  added,  a 
deep  blue  liquid  results,  and  if  any  woven  tissue  be  dipped  in  this 
and  immediately  afterwards  washed  with  water  it  will  be  found  to 
be  dyed  blue.  This  process  is  the  only  manner  known  in  which 
indigo,  without  reduction,  can  be  applied  in  its  primitive  stata 
With  sulphuric  acid  it  yields  sulphopurpuric  acid,  or  sulphindigotic 
acid,  according  as  the  acid  is  fuming  or  the  ordinary  oonoentrated. 

The  first  accurate  analysis  of  indigo  was  performed  by  the  late 
Mr.  Walter  Crum,  a  pupil  of  Dr.  Ure,  who  found  it  to  have  the 
following  composition  : — 

CsH^NO, 

which  formula  has  been  doubted,  for  cei'tain  reasons.     It  is  isomeric 
with  cyanide  of  benzoyl — 

C7H5OCN. 

For  years  this  body  has  been  studied,  and  numerous  and 
interesting  researches  have  been  made  upon  it.     I  shall, 
as  far  as  possible,  keep  to  those  bearing  directly  upon  my  subjeci 

As  early  as  the  year  1840  Fritzsche  found  that,  when  indigo 
fused  with  caustic  potash,  ammonia  and  aniline  were  given 
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This  reaction  is  of  great  historical  interest^  being  the  first  by  which 
aniline  was  ever  prepared. 

He  also  found  that,  when  indigo  was  boiled  with  an  aqueous 
solution  of  potash  and  peroxide  of  manganese,  he  obtained  a  body 
which  he  termed  anthranilic  acid,  now  known  as  orthoamidobenzoic 
acid,  CeH^  (NH^)  COHO. 

In  the  year  1841,  Erdmann  &  Laurent,  by  the  aid  of  oxidizing 
agents  on  indigo,  obtained  a  body  of  the  following  composition, 
which  they  termed  isatin: — 

This  body  is  the  anhydride  of  isatic  acid  G8H7NO,.  The  best 
oxidizing  agent  is  either  chromic  or  nitric  acid,  the  yield  with 
the  latter  bdng  about  12  per  cent,  of  indigo  started  with. 

We  now  come  to  some  of  the  many  researches  of  Professor  A. 
Baeyer,  of  Munich,  which  have  at  length  led  to  the  most  probable 
production  of  "Artificial  Indigo''  on  the  large  scale. 

Fourteen  years  after  the  discovery  of  isatin,  he,  in  conjunction 

• 

with  C.  A  Knop  (Jahrs.  Ber.,  1866,  page  638),  succeeded,  by 
acting  on  that  body  with  sodium  amalgam  and  water,  in 
obtaining  a  substance  which  they  found  to  have  the  following 
formula: — 

This  body,  which  was  termed  dioxindol,  can  also  be  obtained 
when  an  aqueous  solution  of  isatin  is  boiled  with  zinc  dust  and 
hydrochloric  acid. 

Dioxindol  is  converted,  by  reduction  in  an  acid  solution,  to 

oxiadol,  CgH^NO,  and,  when  this  is  passed  over  heated  zinc  dust, 

it  is  fmther  reduced  to  indol  CJEL^N. 

•Ecidol  occurs  naturally  as  a  normal  constituent  of  the  urine, 

has  been  proved  to  be  formed  during  the  decomposition  of 

"  ^i^minoids  in  the  organism. 

^jr  administering  indol  to  animals,  and  examining  their  urine 
little  time  after  such  administration,  indigo  will  be  found  to 
resent. 

encki  was  also  able  to  produce  indigo  from  indol  by  the  action 
■^^Bonised  air.     This  appears  to  have  been  the  first  way  by  which 
^o  was  prepared  synthetically, 
^^eyer's  efforts  were  now  directed  in  trying  to  obtain  an  easier 
^iod  for  the  production  of  indol,  which  at  that  time  was  regarded 
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by  him  as  the  mother  substance  of  the  indigo  group.     I  will  quote 
his  own  words  on  the  subject: — 

He  says — "  If  indol  is  to  be  prepared  synthetically,  there  must 
be  introduced  into  the  benzol  a  two-limbed  carbon  chain  and  an 
atom  of  nitrogen,  and  the  two  must  be  united  with  each  other." 
— (Ber.  Tan.  10,  page  2255.) 

CHo 


CeH,-N 

I 
CH, 


\ ' 


He  succeeded  in  1868,  together  with  Enmierling,  in  obtaining  it 
from  nitrocinnamic  acid,  which  contains  all  that  is  requisite  for 
the  formation  of  indoL  It  will  be  noticed,  on  an  observation  of 
the  formula  of  this  body,  that  it  differs  only  from  indol  by  carbonic 
auliydride  and  two  atoms  of  oxygen — 


{ 


CsHeNO, 

— COj  —  Oa  =  CsHyN 
CO  HO 


and,  by  fusing  it  with  caustic  potash  and  iron  filings,  the  remoYal 
of  these  is  accomplished.  Shortly  after  this,  K6kule  made  some 
experiments  on  nitrophenylacetic  acid,  with  a  view  to  obtain  isatin 
from  it,  iu  which  he  was  imsuccessfuL  Nevertheless,  about  this 
time  he  predicted  a  formula  for  indigo,  which  is,  in  all  probability, 
the  right  one,  and  is  now  universally  held. 

A  very  neat  synthesis  of  isatin  was  effected  by  Olaisen  and 
Shad  well,  two  pupils  of  K^kule,  in  1879,  which  is  accomplished 
as  follows  : — 

Orthonitrobenzoic  acid  is  treated  with  phosphorus  pentachloride 
to  obtain  the  corresponding  chloride. 

CeH^  (NO2)  CO  HO        CeHj  (NOo)  CO  CI 

This  is  converted  into  the  nitrile  by  means  of  argentic  cyanide, 
which,  by  treatment  with  fuming  hydrochloric  acid,  passes  into 
the  amide — 

C^H^  (NOo)  CO  CN        C8H4  (NO2)  CO  CO  NH^ 

By  acting  on  this  with  caustic  potash  orthonitrophenylglyoxalic 
acid  is  formed — 

CeH4  (NO3)  CO  COHO, 
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which,  by  redaction  with  sodium  amalgam  or  ferrous  sulphate, 
goes  into  isatic  acid — 

C^H^  (NHj,)  CO  OOHO. 

Finally,  on  treatment  with  hydrochloric  acid,  this  is  converted 
into  isatin — 

Baeyer  and  Emmerling  in  1870  discovered  a  process  by  which 
isatin  could  be  reduced  back  to  indigo.  This  they  accomplished 
by  heating  it  in  a  heated  tube  to  75  or  80  Cent,  with  a  mixture 
of  equal  parts  of  phosphorus  trichloride  and  acetylchloride,  together 
with  a  little  free  phosphorus.  This  method  is  not  satisfactory, 
however,  for  there  is  produced  in  large  quantity  at  the  same  time 
as  indigo  another  colouring  matter  called  indigopurpurin.  This 
body  is  isomeric  with  indigo. 

Seven  years  after  this  a  very  simple  and  elegant  method  for 
preparing  indol  was  contrived  b^  Baeyer  and  CaT-vu.,  by  pass- 
ing  the  vapour  of  ethylaniline  through  a  red-hot  tube. 

CgHuN     =     CgHyN   +   2H2 

Ethylaniline.  Indol. 

It  has  been  found  that  other  similar  derivations  of  aniline,  under 
like  conditions,  yield  indol,  and  that  diethylorthotoluidine  gives 
the  best  results. 

In  1878  Baeyer  succeeded  in  obtaining  indigo  from  phenylacetic 
acid,  a  body  easily  obtainable  from  toluena  Now,  this  acid  is 
oonverted,  by  means  of  nitric  acid,  into  an  '^  ortho "  and  also  a 
'^  para  "  nitro  compound.  The  former,  when  treated  with  a  reducing 
agent)  yields  an  amido  acid.  This  gives  off  water  with  great 
fadliiy,  yielding  oxindoL 

The  reactions  may  be  represented  thus  : — 

\  +    H.    =    ^  +   20H, 

(COHO  (CO  HO 

Orthonitrophenylacetic  acid.     Orthoamidophenylacetic  acid. 


{ 


^^^    =    OH,  +  CsH,NO 


CO  HO 

Ozindol. 
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The  formula  of  ozindol  may  be  written  thus  : — 

An  observation  of  this  formula  shows  us  that  if  the  CH,  can  be 
replaced  by  CO,  isatin  will  result.  This  was  done  indirectly  (Baeyer 
and  Knop)  by  passing  nitrous  acid  into  an  aqueous  solution  of 
oxindol,  which  caused  the  formation  of  nitrosoxindol,  a  body  easily 
transformed  by  nascent  hydrogen  into  the  corresponding  amide 
compound. 

CaH«  (NO)  NO  CaHe  (NH)  NO 

This  body,  by  oxidation,  is  transformed  into  isatin. 

CaH,NO, 

The  method  before  mentioned  of  converting  isatin  into  indigo 
not  giving  good  results,  Baeyer  made  experiments  with  a  view  to 
obtain  a  better,  in  which  he  was  successfuL  He  found  that  when 
isatin  was  treated  with  phosphorus  pentachloride,  hydrochloric  acid 
gas  was  evolved,  and  a  body  formed  which  had  the  following  com- 
position : — 

^C0,CC1 
CaH^  01  NO  or  CeH^  || 

"^         N 

By  reducing  this  body  (which  is  isatin  chloride)  with  zinc  dust  and 
hydrochloric  acid,  he  obtained  indigo. 

2  C8H4  CINO  +  2  H2  =  CieH^A  +  2  HCl 

The  reducing  agent  giving  the  best  results  appears  to  be  sulphide 
of  ammonium,  but  all  give,  mixed  with  the  indigo,  more  or  l«eB 
indigopurpurin. 

I  now  come  to  two  most  important  methods  for  the  fonnatioii 
of  indigo  blue,  discovered  by  Prof.  A.  Baeyer,  one  of  which  will 
most  probably  be  the  basis  of  its  manufacture  on  the  large  scale. 
The  starting  point  of  both  these  processes  is  cinnamic  acid. 


CO  HO  J  ~  '^s^s^a 


This  acid  was  at  first  obtained  by  the  oxidation  of  oil  of  cinnamena 
It  is  also  found  in  liquid  storax,  &c. 
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There  are,  however,  two  or  three  methods  for  the  preparation  of 
this  body  artificially.  The  best  of  these  was  devised  by  my  Either, 
Mr.  W.  H.  Perkin,  in  1877.  It  consists  in  boiling  benzoic  alde- 
hyde with  acetic  anhydride  and  sodic  acetate  for  about  a  day. 

The  first  part  of  the  reaction  consists  in  the  formation  of  the 
diaoetate. 


O.H.CH{ggg|}=O.H,A 


This  is  decomposed  by  the  sodic  acetate*  as  quickly  as  it  is  formed, 
yielding  acetic  and  cinnamic  acids,  thus  : — 

C11M12O4    =    C3H.4O3   +    C9Xlg02 

Acetic  acid.  Oiimainio  acid. 

This  is  practically  the  process  which  it  is  proposed  to  use  for  the 
manufacture  of  cinnamic  acid  on  the  large  scale,  and  it  is  found 
that^  by  substituting  the  benzoic  aldehyde,  which  is  now  made  from 
toluene,  by  an  allied  and  cheaper  derivative  of  that  hydrocarbon, 
that  cinnamic  acid  can  be  made  at  a  less  price  than  that  of 
anthracene. 

By  treating  cinnamic  add  with  nitric  acid  two  isomeric  nitro- 
derivatives  are  produced — viz.,  the  ortho  and  the  para.  These  are 
separated,  the  former  only  being  useful.  The  yield  of  the  ortho, 
with  proper  precaution,  is  said  to  be  much  larger  than  that  of  the 
para  (60  p. a).  By  passing  chlorine  into  a  solution  of  this  orthoni- 
trocinnamic  acid  in  soda,  orthonitrophenylchlorlactic  acid  is  formed. 

C^HsClKO^ 

This  body,  by  treatment  with  alcoholic  potash,  is  transformed  into 
orthonilrophenylacrylic  acid — 


C^yNO 


0 


If  this  be  carefully  heated  to  110  Cent  carbonic  anhydride  oxygen 
and  water  are  given  off,  and  indigo  formed. 

The  second  process  is  accomplished  as  follows  : — Orthonitrocin- 
namic  add,  when  treated  with  bromine,  takes  up  with  great  facility 
two  atoms  even  in  the  cold,  forming  orthonitrodibromohydrocin- 
namic  add. 

C,H4  (NO,)  CgHoBr,  CO  HO 
*  The  part  played  by  the  sodic  acetate  is  not  clearly  understood. 
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This,  by  the  actiou  of  alkali  (caustic  soda),  is  converted  ii^^nto 
orthonitrophenylpropiolic  acid,  as  follows  : — 

C«H4  (NO2)  C,H,Br.  CO  HO  +  2  Na  HO  =  C.H^  (NOj)  C, 

CO  HO  +  2  NaBr  +  2  OH3 

When  an  alkaline  solution  of  this  body  is  heated  with  a  reducm.:iig 
agent;  such  as  grape  sugar,  indigo  is  produced. 

2Ci^5  (NO2)  Oo        +        2Ho  =  Ci,H,oNA   +   200-  +   2HI2O 

Orthonitrophenylpropiolic  acid.  Indigo. 


This  latter  process  gives  the  best  results,  and  is  much  easier 
conduct  than  the  former. 

I  will  now  give  you  a  few  details  with  regard  to  the  manufacttU^"^ 
of  indigo  on  the  large  scale  by  this  process,  as  described  in  Pi 
fessor  Baeyer's  patents  : — 


"  One  part  by  weight  of  finely- powdered  orthonitrocinnamic 
is  spread  out  in  thin  layers  in  a  closed  chamber.     Near  the  roof 
the  chamber  is  a  suitable  vessel,  containing  excess  of  bromine  (firo 
i-^^ths  to  1  part  by  weight),  which  is  left  to  volatilize  at  the  or""^^-^' 
nary  temperature,  daylight  being  excluded.     The  time  req^ 
for  the  absorption  of  the  bromine  is,  as  a  rule,  from  twelve 
twenty  hours,  afler  which  time  the  excess  of  bromine  in 
chamber  is  expelled  by  means  of  a  current  of  air. 

^'  The  orthonitrodibromhydrocinnamic  acid  thus  produced  may 
at  once  applied  to  the  subsequent  operations. 

"  Ten  pounds  or  thei*eabouts  of  this  acid  are  mixed  with  aboa^ 
gallon  of  an  aqueous  solution  of  caustic  soda,  sp.  gr.  1.4,  and 
taken  not  to  allow  the  temperature  to  rise  above  25''  C. 

"  The  whole  is  allowed  to  stand  for  two  or  three  hours,  or  until      ' 
sample,  after  dissolving  in  water,  precipitating  with  dilute  Bulpha*'-^" 
acid,  filtering  and  washing,  is  found  to  be  free  from  bromina 
result  of  the  operation  is  then  mixed  with  from  three  to  five 
of  water,  and  the  mixture  treated  with  dilute  sulphuric  acid,  whi' 
precipitates  the  orthonitrophenylpropiolic  acid.     After  filtratl^'^ 
the  acid  is  washed  with  cold  water,  and  dried  at  a  gentle  heft 
Ten  pounds  of  orthonitrophenylpropiolic  acid  are  now  mixed  wi^ 
100  gallons  of  water,  and  a  solution  of  five  pounds  of  glucose 
five  of  water  is  added.     The  whole  is  then  gradually  heated 
85°  C,  when  35  gallons  of  a  saturated  solution  of  caustic  bai)U^'^ 
are  added,  a  little  at  a  time.     The  mixture  soon  acquires  a  bla^' 
colouration,  and  indigo  is  precipitated  in  the  crystalline  state." 


i 
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A  portion  of  the  mixture  is  filtered  from  time  to  time,  and  the 
filtrate  tested  for  indigo,  and  when  a  sample  no  longer  gives 
any  large  quantity  of  indigo  blue  the  operation  is  considered 
-terminated. 

The  mixture  is  then  filtered,  and  the  residue,  after  digestion 
-virith  hydrochloric  acid  to  remove  alkali,  is  filtered,  washed,  and 
dried.  The  result  is  indigo  in  a  pretty  pure  state.  The  great 
^Mlvantage  of  this  process  is  that  you  are  able  to  produce  indigo  on 
t^^xtnres. 

I  have  some  cloth  printed  with  a  mixture  of  potash,  orthonitro- 
pbenylpropiolic  acid,  and  grape  sugar,  which  I  will  expose  to 
Le  action  of  steam.     To  show  you  how  very  little  of  this  acid 
a  long  way,  I  might  tell  you  that  the  mixture  printed  on 
cloth  contains  only  five  per  cent,  of  orthonitrophenylpropiolic 


For  some  time  at  least,  I  believe,  it  is  intended  to  send  orthoni- 
t^xr^ophenylpropiolic  acid  into  the  market  for  printing  purposes 
iacRiErtead  of  indigo. 

^Hie  following  directions  for  producing  indigo  in  the  fibre,  by 
*^^  decomposition  of  orthonitrophenylpropiolic  acid,  are  given  from 
*^"^"*^fe8Sor  Baeyer's  patent : — 


ol 


XX  about  one  part  by  weight  of  orthonitrophenylpropiolic  acid 
one  part  by  weight  of  cold  water,  then  add  gradually  as  much 
30  p.a  solution  of  potassic  hydrate  as  will  be  necessary  to 
^e  and  neutraUse  the  acid.     Mix  this  solution  with  about  ten 
by  weight  of  starch  paste,  and  afterwards  dissolve  in  the 
thus  prepared  about  three  parts  by  weight  of  carbonate  of 
and  about  one-half  part  by  weight  of  glucose.     The  colour 
'V-eloped  by  from  two  to  five  minutes'  exposure  in  an  atmos- 
of  steam,  and  the  operation  of  steaming  is  discontinued 
as  the  reduction  of  the  indigo  thus  formed  begins  to 
The  printed  materials  are  aged  and  washed  in  the  usual 
T***^^^r,  and  passed  through  a  boiling  soap  bath  to  improve  the 


} 
eb 


.^  indigo  can  be  produced  artificially  on  the  large  scale  it 

^^  a  matter  of  great  importance,  and,  although  it  is  im- 
^*!r^^^^l©  that  the  market  value  of  the  natural   article  will  be 


—  to  the    same  extent   as    madder  has    been    since  the 
^^|^^>ery  of  artificial  alizarin,  there  will  be  very  possibly  some 
<^^ctaoiL 
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In  1878  the  imports  of  natural  indigo  into  the  XJnite^^ 
Eangdom  were  valued  at  about  £1,583,207,  and  in  1879  at^ 
£1,900,983. 

Now  dnnamic  add  con  be  produced  at  such  a  cheap  oost^  there 
is  eveiy  reason  to  believe  that  the  manufacture  of  artificial  indigo 
will  become  a  commercial  suocess,  and  then  indigo  will  head  the 
list  of  the  many  famous  coal-tar  colours. 


XY. — Anahfaia  of  Soaps.    By  Corneliub  Hops. 


[Bead  at  Meeting  of  Chemical  Section,  ^h  April,  1881.] 


In  this  paper  to  the  Section  I  intend  giving  a  method  for  the  faUK- 
Analjsis  of  Soda  Soaps,  which  I  have  used  for  some  considerable^ 
time,  and  which  I  find  to  be  useful  in  giving  information  as  to  how^^ 
the  soap  has  been  made,  and  also  as  giving  an  exact  analysis  o9i 
it,  which  is  much  desired  by  some  consumers,  and  not  usually^ 
done  by  analysts.  In  some  cases  a  much  shorter  analysis  wilU^ 
suffice,  but  in  a  soapworks  laboratory  the  full  one  will  be  very 
often  wanted. 

Before  weighing  off  portions  of  the  soap,  I  think  it  is  absolutely 
necessary  to  cut  off  the  outer  skin,  and  take  the  inside,  etherwiae 
discrepancies  will  result,  not  otherwise  to  be  accounted  for.  The 
skin  is  a  very  small  portion  usually  of  the  bar  or  cake,  and  it 
would  be  a  difficult  operation  to  get  the  proper  amount  of  skin  on 
the  different  portions  weighed. 

Wetter. — ^The  first  thing  to  be  done  is  to  cut  some  thin  shavings 
off  the  sample,  weighing  about  5  grammes,  and  place  them  in  a 
small,  tared,  flat  porcelain  basin,  and  the  exact  weight  noted.  It 
is  then  put  in  the  water  bath,  and  heated  until  it  oeases  to  low 
weight.  A  night  generally  suffices  for  this  purpose.  When  thai 
is  done,  it  is  weighed  in  the  morning,  and  a  number  of  small 
holes  made  with  a  pin  in  the  dried  slices,  and  put  in  the  badi 
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ftgain  for  a  few  hoars,  and  re-weighed.      If  there  is  no  further 

loesy  as  is  generally  the  case,  it  is  certain  the  soap  is  thoroughly 

Ay. 

Some  chemists  have  oondemned  this  method  of  estimating  the 

^vrater,  because,  they  say,  it  fails  to  give  off  the  last  one  or  two  per 

t;  but  I  find  that  such  is  not  the  case,  because,  when  a  soap  is 

as  I  have  described,  it  will  give  no  further  loss,  even  if  heated 

to  deoompoemg  point 

'<Uty  Adds. — ^A  portion  of  the  soap,  weighing  about  5  grammes, 

he  form  of  miniature  bars,  is  introduced  into  a  separating  funnel 

bout  120  &C.  capacity,  and  about  50  c.a  of  water,  at,  say 

*  F.,  poured  in,  then  enough  acetic  acid  to  decompose  the  soap 

leave  a  small  excess,  and,  finally,  about  50  c.c.  of  ordinary 

The  stopper  is  then  put  in  the  funnel,  and  the  whole  shaken 

the  soap  is  all  dissolved.     It  is  then  allowed  to  settle  for  a 

minutes,  when  the  fatty  acids  will  be  found  to  have  dissolved 

'^e  ether,  and  floating  on  the  watery  solution,  which  contains 

soda,  salts,  dec.     The  bottom  stopper  is  then  opened  slightly, 

the  watery  solution  of  the  salts  allowed  to  drop  slowly  out, 

it  stops ;  then  the  top  stopper  is  taken  out,  and  the  remainder 

^^:Jie  water  allowed  to  drop  slowly  out,  until  only  a  few  drops 

=^.4un,  at  which  time  the  stopper  is  shut.     The  funnel  is  then 

^^^^  up  with  water  about  90'  or  100*  F.,  the  stopper  replaced 

^^^^  shaken  for  a  minute  or  so,  allowed  to  settle,  and  the  same 

^^^^^tution  as  before  repeated.     The  washing  is  continued  until  the 

"^^Qhings  are  neutral,  at  which  point  the  last  few  drops  are  allowed 

^  go  out,  taking  care  not  to  allow  any  of  the  ethereal  solution  to 

^Qow  it     It  is  always  necessary  to  open  the  bottom  stopper  first, 

S8  there  is  enough  ether  vapour  in  the  funnel  to  cause  an  outward 

pregsure,  which,  on  opening  the  top  stopper  first,  causes  a  few  small 

drops  of  the  ether  solution  to  splutter  out — a  proceeding  not  to 

be  desired,  and  which  is  effectually  prevented  by  operating  as 

described. 

The  dropping  of  the  washings  is  to  be  carefully  done,  otherwise 
the  washings  will  be  found  to  have  a  skin  of  fatty  acids  floating  on 
the  surface,  which,  of  coiurse,  would  cause  a  low  result,  and  there- 
fore must  be  carefully  guarded  against. 

The  ethereal  solution  of  the  fatty  adds  is  then  poured  out  by  the 
top  of  fhnnel  into  a  previously  tared  beaker  of  about  150  ac. 
capacity,  and  the  funnel  rinsed  out  with  fresh  ether.  The  beaker 
is  then  covered  with  filter  paper,  and  placed  on  the  top  of  the 
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water  bath  until  the  ether  is  evaporated.  If  the  odour  still 
remains  in  the  beaker,  a  few  minutes  inside  the  bath  will  remove 
it  completely.  If  the  water  has  not  been  completely  removed  from 
the  funnel,  a  few  small  drops  of  water  will  be  seen  in  the  fatty 
acids,  and  may  be  removed  by  the  addition  of  a  few  drops  of 
absolute  alcohol,  and  then  heated  inside  the  water  bath  until  its 
odour  is  gone.  The  beaker  is  now  cooled  and  weighed,  and,  when 
the  tare  is  deducted,  gives  the  weight  of  fatty  acids  in  the  quantity 
of  soap  taken. 

Total  Alkaii, — For  this  determination  I  take  31  grammes  of  the 
soap  and  put  it  into  a  500  c.c.  flask,  and  dissolve,  with  the  aid  of 
heat,  in  hot  water.  50  ac.  of  standard  sulphuric  acid  are  then 
added,  and  the  flask  filled  up  to  the  mark.  100  cc.  are  filtered 
off,  put  into  a  beaker,  and  titrated  with  standard  pure  caustic  soda, 
using  litmus  as  an  indicator.  The  acid  used  is  a  normal  one — 
1  c.a  =  '062  gramme  Na^O ;  and  the  soda  is  i^th  of  that 
strength — 1  cc.  =  '0062  gramme  NaoO. 

Sadie  Chloride, — To  the  above  neutralised  solution  some  solutioii 
of  yellow  chromate  of  potash  is  added,  and  then  titrated  with  a 
decinormal  solution  of  silver — 1  cc.  =  '00585  gramme  NaCL 

Free  Alkali, — 3*1  grammes  of  the  sample,  in  thin  shavings,  are 
weighed  off  and  dissolved  in  rectified  alcohol,  then  filtered  as 
rapidly  as  possible,  and  the  insoluble  matter  washed  with  boiling 
alcohol.  A  few  drops  of  alcoholic  solution  of  phenol  thalein  are 
added  to  the  filtrate,  and  then  titrated  with  the  decinormal  acid. 
This  gives  the  free  alkali  existing  as  hydrate,  usually  only  a  trace, 
or  none. 

Soda  existing  as  Silicate  and  Carbonate. — The  insoluble  in 
alcohol  is  dissolved  on  the  filter  with  hot  water,  carbonic  acid  passed 
into  the  filtrate  to  precipitate  a  trace  of  lime  usually  in  it,  then 
thoroughly  well  boiled  and  filtered.  The  filtrate  is  then  titrated 
with  the  decinormal  acid,  using  litmus  as  indicator. 

Soda  existing  as  Carbonate, — 5  grammes  of  the  soap  are  dissolved 
in  rectified  alcohol,  washed  as  before,  and  the  insoluble  dis- 
solved in  water.  The  solution  containing  the  carbonate  and 
silicate  is  put  into  a  flask  fitted  with  a  set  of  two  "  XJ  "  tabes. 
containing  solution  of  baric  hydnite,  and  decomposed  with  dilute 
acid,  and  the  COj  boiled  out  into  the  **  U "  tubes.  The  baric 
carbonate  is  filtered  off  as  quickly  as  possible,  the  excess  of 
hydrate  washed  from  it,  and  the  precipitate  titrated  with  standard 
decinormal  acid. 
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Stdphate  of  Soda, — 10  grammes  of  the  soap  are  dissolved  in 
water,  decomposed  with  HCl,  and  the  fsttty  acids  filtered  ofil 
The  filtrate  is  precipitated  with  BaCls,  and  finished  in  the  usual 
manner. 

Silica. — 25  or  50  grammes  are  ignited  in  a  platinum  basin,  and 
the  residue  treated  with  HCl,  evaporated  to  dryness,  re-treated 
with  HCl,  and  the  insoluble  silica  filtered  oS,  ignited,  and 
weighed. 

Limey  IroUy  dec, — The  filtrate  from  the  silica  is  made  alkaline 
with  ammonia,  some  oxalate  of  ammonia  added,  the  ppt.  collected, 
ignited,  and  weighed. 

Calculation  and  Statement  of  Results. 

The  water,  silica,  lime,  <ba,  aiid  sodic  chloride,  are  simply  cal- 
culated to  per  cent  The  barium  sulphate  is  calculated  to  per  cent. 
of  sodic  sulphate.  The  alkali  soluble  in  alcohol  is  calculated  to 
Na  HO,  and  the  acid  used  for  titrating  the  baric  carbonate  to  sodic 
carbonate.  The  '^  soda  existing  as  carbonate ''  is  deducted  from 
the  *'  soda  existing  as  silicate  and  carbonate/'  and  the  difierence 
stated  as  '^  soda  existing  as  silicate."  l^e  silica  cannot  be  stated 
as  silicate  of  soda^  because  the  ''  silicate,"  as  used,  and  as  it  exists 
in  the  soap,  is  not  a  normal  one.  It  has  an  approximate  composi- 
tion of  Na,0  2  SiOa,  but  it  is  evidently  not  a  definite  compound,  so 
that  under  those  circumstances  it  is  necessary  to  state  the  silica  as 
such,  and  give  the  soda  existing  with  it 

It  was  pointed  out  by  a  writer  in  the  Chemical  News  some 
years  ago,  and  seems  to  be  still  ignored,  that,  although  in  the 
process  of  analysis  the  fistt  is  separated  and  weighed  as  fatty 
add,  it  exists  in  the  soap  as  fatty  anhydride,  as  the  following 
reaction,  representing  the  decomposition  of  sodic  oleate  by  an 
add,  shows : — 

2|^"^«^l0  +  2  HCl  =   2  Na  CI  +  2  |  ^^^^^  I  O 

and  that  by  multiplying  the  fatty  acids  by  the  factor  '97  the  true 
weight  of  &tty  matter  existing  in  the  soap  was  found. 

If  the  ''  £Bitty  adds  "  are  stated  in  the  analysis,  it  will  be  found 
that  the  analysis  will  total  to  nearly  102 ;  therefore,  because  the 
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per  oentw  of  fatty  aoids  ii  usually  wanted,  I  generally  vepoi 

analysis  in  the  following  manner : — 

PerOa 

+     Fatty  Anhydrides, 
Soda  existing  as  Soap, 
Water, 
Sodic  Garbonate,  . 

Do.  Hydrate, 

Do.  Chloride, 

Do.  Sulphate, 
Silica, 

Soda  existing  as  Silicate, 
Lime, <S^., ... 


+      =     V,  Fatty  Adds, 
*/o  Total  Soda, 

There  are  two  other  important  points  in  connection  with 
analysis — ^viz.,  the  determination  of  the  rosin  and  the  melting 
of  the  fatty  acids — that  I  intended  to  speak  of  in  this  paper, 
have  not  been  able  to  get  the  experiments  finished,  so  that  I 
leave  them  for  a  future  communication  to  the  Section. 

A  method  for  the  accurate  determination  of  rosin  in 
whether  easy  of  execution  or  otherwise,  is  a  thing  still  wantc 
have  been  working  lately  at  a  method  which,  although  not  a 
one,  promised  well  for  accuracy,  and  which  I  now  find  t( 
results  short  of  the  truth,  because  of  the  different  rosinic 
in  rosin  having  different  solubilitieB  in  certain  reagents. 


XYI. — On  a  Large-index  Barometer,     By  Mr.  Alexander 


[Read  to  the  Society,  SOth  March,  1881.] 


The  design  of  instrument  exhibited,  and  which  has  been  in  i 
two  years,  is  only  intended  to  give  the  same  indications 


:| 
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ofdinaiy  mercurial  barometer,  but  to  giye  them  in  a  magnified  and 
more  striking  way.  Tbe  movements  of  tbe  mercury  in  an  ordi- 
nary instrument  being  comparatively  minute,  require  to  be  closely 
examined  to  be  appreciated ;  but  in  the  arrangement  shown  the 
variations  of  the  index  column  can  be  made  ten  times  as  great  if 
desired.     [See  Plate.] 

The  oonstruction  is  very  simple,  and  includes  only  two  tubes. 
The  first  is  equivalent  to  an  ordinary  mercurial  barometer  tube, 
and  filled  in  the  same  way,  but  has  a  wide  expansion  (a)  at  the 
top,  so  that  the  greater  part  of  the  rise  and  fall  of  the  mercury 
may  be,  not  there  (as  usual),  but  in  the  lower  limb  (5).  The 
seocmd  tube  has  a  small  orifice  at  both  ends,  and  consists  of  a  long 
small  shank  (cc)  for  the  index  oolumn,  with  an  expansion  (d)  at 
the  lower  end,  partly  immersed  in  the  mercury  in  (5).  In  making 
the  instrument,  a  small  portion  of  a  light  fluid  (such  as  spirits  of 
wine,  properly  coloured)  being  filled  into  the  wide  part  (cQ  by 
dipping,  the  orifice  at  the  top  is  closed  with  the  finger,  and  the 
tube,  with  the  fluid,  ia  inserted  in  the  position  shown.  On  removing 
the  finger  the  mercury  rises  in  (d),  and  forces  the  light  fluid  up 
into  the  narrow  or  index  part  (ce),  until  the  difference  in  level 
between  the  mercury  outside  and  inside  (d)  is  balanced  by  the 
superincumbent  column  of  light  fluid,  which  then  continues  to  give 
a  correspondingly  magnified  indication  of  the  mercurial  variations 
from  time  to  time. 

Using  spirits  of  wine,  and  making  the  internal  diameters  of  (a), 
(6),  (c),  and  (d),  say  in  the  proportions  12,  6,  1,  and  4  respectively, 
the  rise  and  fall  of  the  index  oolumn  is  equal  to  about  seven  times 
that  of  the  mercury  in  an  ordinary  barometer.  Contracting  the 
diameter  of  the  expansion  (df),  or  widening  that  of  the  shank  (c), 
d  course,  diminishes  the  magnifying  power,  and  vice  versa. 

Once  the  actual  proportion  is  observed  by  comparison  with  a 
standard  barometer,  an  index  scale  can  be  attached  (the  figures 
increasing  downwards  instead  of  upwards). 

If  great  accuracy  is  desired,  the  effect  of  any  slight  taper  in 
the  glass  tubes  used  must  be  allowed  for  by  gradation  in  the  index 
aeala  Errors  from  variation  of  temperature  can  be  almost  wholly 
eliminated  by  merely  restricting  the  capacity  of  the  part  (d)  and 
regulating  the  quantity  of  light  fluid  used.  As  an  increase  of 
temperature,  by  diminishing  the  specific  gravity  of  the  mercury, 
requires  a  higher  "  head,"  which  can  only  result  from  a  rise  in  (a) 
and  a  (much  greater)  fall  in  (5)  and  {d) — ^the  fall  being  little  modi- 
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fied  by  increase  in  balk  of  the  mercury — ^it  is  only  neoeamy  to 
use,  in  all,  no  more  of  the  light  fluid  than  will,  with  the  aune 
increase  of  heat,  give  an  expansion  of  volume  just  sufficient  to  fill 
the  space  left  by  the  withdrawal  of  the  mercury  from  {d)^  bo  thftt 
while  the  Y)asc  of  the  column  is  depressed  the  summit  is  unaltered. 
The  remaining  errors  are  very  minute. 


» — 


XVII. — Sojfie  ObservcUions  on  our  present  Methods  of  Disposal  f^ 
Human  Excreta,  and  their  Relation  to  the  Spread  of  Epidmk 
Disease,     By  Eben.  Duncan,  M.D.,  F.F.P.S.G. 


t- 


[Read  to  tho  Society,  30th  March,  1881.] 


Lp  the  recommendations  of  the  last  deputation  of  the  Glaago' 
Oorporation,  which  reported  upon  the  question  of  sewage  dispos^^ 
are  carried  out,  the  excreta  of  the  vast  population  of  this  ciiy 
continue  to  bo  disposed  of  as  at  present — about  one-half  by  1> 
dry  method  iuid  one-half  by  water  carriage.      Looking  at 
matter  purely  from  the  point  of  \dew  of  a  sanitarian,  the  modifii 
tions  of  existing  methods,  which  they  reconmiend;  only  affect  tor 
very  limited  degree  the  sanitary  problems  which  we  have 
discussing  for  so  many  yeai's. 

It  is  now  well  known  that  tlie  most  dangerous  constituents 
our  organic  refuse  matter  are  human  excreta. 

Most  of  the  common  forms  of  epidemic  disease — such  as  m( 
scarlet  fever,  typhus  fever,  and  small-pox — are  known  to  be 
through  the  atmosphere.     Although  it  may  be  true  that^  by  d 
collected  in  the  houses  of  such  patients^  by  water  in  which 
persons  are  washed,  or  by  the  rags  of  clothing  which  they  ha' 
worn,  the  germs  of  these  diseases  may  gain  access  to  the  ashp^^ 
manure  heap,  or  sewer,  yet  up  to  the  present  time  very  lit 
evidence  has  been  adduced  which  connects   outbreaks  of  th< 
diseases  with  any  of  our  ordinary  methods  of  sewage  disposaL 
all  tho  epidemic  diseases  with  which  we  are  fiamiliar,  the  one  w] 
has  been  most  conclusively  traced  to  air  or  water  tainted  wii 
human  excrement  is  typhoid  fever.     It  is  now  proven  most 
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clusively  that  the  fever  is  propagated  by  the  alvine  discharges  of 
those  who  suffer  from  it.  Their  poisonous  effects  are  as  clearly 
established  as  the  poisonous  properties  of  arsenic  or  strychnine. 
Wherever  the  drinking  water  of  a  community  becomes  tainted 
with  these  discharges,  the  fever  appears.  The  investigations  of 
the  last  ten  years  have  all  tended  to  prove  that  an  outbreak  of 
typhoid  fever  cannot  arise  in  the  absence  of  specific  germs.  Whether 
these  germs  are  living  or  dead  does  not  matter  :  they  are  derived 
from  some  pre-existing  case.  The  old  notion  was  that  all  forms 
of  fever  might  arise  de  novo  from  the  noxious  vapours  of  decom- 
posing oiganic  matter.  At  the  present  time,  noxious  vapours  of 
this  description  are  only  credited  with  the  origination  of  typhoid 
fever  and  diphtheria.  When  the  water-closet  system  was  intro- 
duced into  this  country,  going  upon  the  old  notion  of  bad  smells 
breeding  fever,  every  outbreak  which  happened  in  a  water-closet 
town,  the  cause  of  which  could  not  be  easily  ascertained,  was 
attributed  to  bad  smells  from  our  sewera  And  so  arose  the  sewer- 
£iia  theory  of  the  propagation  of  epidemic  diseases.  To  this  sewer- 
^pEus  theory,  which  is  a  very  popular  one  in  the  city  of  Glasgow,  I 
^msh  first  to  direct  your  attention  in  the  observations  which  follow. 
Xt  is  very  important  that  we  should  have  all  the  light  which 
cax'iefal  observation  can  throw  upon  the  possibilities  of  disease  pro- 
tion  by  sewer  gases,  because,  while  the  deputation  already 
»rred  to  recommend  various  measures  for  the  precipitation  of 
th^  sewage,  and  for  the  inspection  of  the  drains  and  soil-pipes  of 
ho-a-aeB  to  be  buOt  in  the  future,  the  water-closets  and  drains  of 
^^^■-^rtiiig  Glasgow  and  its  suburbs  are  left  unchanged,  and  the 
of  the  people  will  be  still  as  much  exposed  to  the  inhalation 


flT       -M_ 

^  ^'^Mrer  gases  when  these  recommendations  are  carried  out  as  they 
no'" 


^^  late  Dr.  Murchison,  of  London,  may  be  held  to  be  the 
.  ^^^^or-  of  the  modem  view  as  to  the  propagation  of  typhoid 
,  ^*^  fcy  sewer  gases.  He  published  an  essay  in  1858,  in  which 
^^^eavourod  to  prove  that  typhoid  is  the  only  fever  which 
£rom  aewer  emanations.     It  is  a  well-known  fact  that  the 


^mell  arising  from  the  recent  liquid  discharges  of  the  fever 
It  does  not  oommunicate  the  disease ;  and  it  is  also  a  well- 
fact  that  there  are  many  trades  in  which  numbers  of  men 
V'^^^  daily  with  decomposing  organic  matter,  and  are  subjected  to 
^tiost  hozioiiB  smells,  without  contracting  fever  of  any  kind 
^     ^^^der  to  aooount  for  these  difficulties,  he  asserted  that  the 
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poison  of  typhoid  feTor  was  only  generated  during  the  deoon- 
position  of  fecal  matter  in  a  confined  space,  such  as  a  drain 
or  sewer  in  a  state  of   stagnation.      In  the  absenoe  of  any 
better  explanation  of  the  outbreaks  of  typhoid  which  ooeor  in 
cities,  the  water  supply  of  which  is  derived  from  pure  aouioei, 
these  views,   first  promulgated   by  Dr.    Murchison,   have  been 
generally  adopted.      I  shall  quote  a  few  extracts  from  variout 
publications  to  show  how  strongly  they  are  expressed  at  the 
present  tima      In  a  report  to  the  Privy   Council,  Mr.  J.  M. 
Radclifie  states,  "That  the  condition  chiefly  productive  of  diarrhoBa 
and  typhoid  fever  exists  in  its  most  dangerous  form  in  improperiy 
constructed  and  arranged  and    imperfectly   acting  or  stagnant 
sewers  containing  excrement"     At  the  conference  on  the  Health 
and  Sewage  of  Towns,  held  in   1878,  Dr.   Elliot,  the  Medical 
Officer  of  Health  for  Carlisle,  concludes  a  pi^r  on  the  dangets 
arising  from  defective  soil-pipes  and  watei^losets  thus: — *'The 
mention  of  a  great  and  realised  fact  I  may  emphatically  conclude 
with.     It  is  this.     That  typhoid  fever  prevails  pre-eminentlj  mote 
amongst  the  wealthier  classes  who  have  waterdosets  within  their 
houses,  than  amongst  the  humbler  classes  who  have  outside  doseta' 
At  the  same  conference,   Mr.    C.    N.    Cresswell    expresses  the 
popular  view  of  the  matter  in  the  following  still  more  emphatie 
but  very  erroneous  statement: — ''The  system  of  sewage  diiqposd 
by  water  carriage  has  produced  a  fresh  type  of  zymotic  diseasi^ 
traceable  to  sewage  sources,  but  especially  to  the  vicious  constmctioB 
of  houses,  whereby  typhoid  fever  is  laid  on  with  the  same  ipn- 
cision   as  hydro-carbon    gas    for  the  purposes  of   illuminatioiL 
Dr.   Murchison  has  distinguished  this   new  revelation  from  ila 
prototype  typhus,  and  Dr.  Fergus  has  proved  abundantly  thai  io 
Glasgow,  wliere  it  has  raged  at  intervals  from  the  year  1836,  i-^ 
arose  from  a  badly  constructed  system  of  flushing  by  water." 

Of  all  those  who  have  laboured  to  point  out  and  remedy  the 
of  our  water-closet  system  certainly  our  esteemed  ex-] 
Dr.  Fergus,  occupies  the  foremost  place.     By  his  discovery  of 
fi'equent  perforations  in  our  leaden  soil-pipes,  and  by  his 
publications  on  the  multifarious  defects  of  our  house  drains 
sewers,  he  has  certainly  done  a  great  service  to  the  cause 
Sanitary  Science.    But  what  we  are  concerned  with  in  this  inquir"'^ 
is  his  reasons  for  connecting  the  prevalence  of  typhoid  fever  L 
Glasgow  with  these  defects  of  sewerage.    In  a  paper  on  the 
Question,   published    in   1872,  having  shown  that  all 
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inyestigations  agree  in  traoing  outbreaks  of  typhoid  fever  to 
excremental  pollxition,  lie  sajB — **  In  most  of  these  cases  the  water 
was  befouled,  but,  as  this  is  a  well-known  cause  of  disease,  and  has 
been  so  amply  proved,  I  shall  not  dwell  upon  it,  but  rather  enter 
upon  another  source  of  typhoid  and  other  zymotic  diseases  which 
is  not  so  well  known  .  .  .  perforated  soil-pipes  .  .  .  ." 
After  describing  these  and  their  causes,  he  goes  on  to  say,  ''  for 
some  years  back  I  have  insisted  on  a  careful  examination  of 
the  soil-pipes  wherever  I  have  had  cases  of  typhoid  fever 
or  diphtheria,  and  in  every  case  where  I  could  get  this  carefully 
carried  out  I  liave  detected  these  perforated  soil-pipes.  What  first 
led  me  to  connect  this  state  of  the  soil-pipes  with  disease  was  the 
fact  that,  as  regards  water  supply,  Glasgow  should  not  be  exposed 
to  diseases  resulting  from  excremental  pollution ;  and  if  we  have 
these  diseases,  we  must  attribute  them  to  some  other  source.'' '  At 
that  time  Dr.  Fergus  adhered  to  Dr.  Murchison's  theoiy,  stated 
above,  and  concluded  that  these  cases  were  caused  by  gases  gene- 
rated from  decomposing  fecal  matter  in  the  sewer  gaining  access 
to  the  houses  through  these  perforated  pipes.  The  same  opinion, 
modified  by  the  germ  theory  of  disease,  was  expressed  by  Sir 
Thomas  Watson  in  a  recent  number  of  the  Nineteenth  Centficry. 
He  writes  thus : — ^'  During  the  prevalence  of  enteric  fever  in  a 
large  town  a  vast  quantity  of  the  dejections  peculiar  to  that  disease 
must  be  daily  and  hourly  poured  into  and  through  the  drains  and 
sewers,  impr^nating  the  sewer  gases  with  the  specific  poison.  In 
our  present  fSsiulty  arrangements  these  gases,  so  infected,  enter 
many  a  house,  the  inmates  of  which  are  unsuspicious  of  such  a 
mmrce  of  fearful  peril  liir.  Bawlinson,  the  well-known  engineer, 
hua  stated  in  print  that  in  the  year  1859  disinfectants  were  freely 
wMdd  in  some  of  the  main  sewers  of  London,  and  <  the  smell  of  the 
4&Uifectants  was  found  to  pervade  all  the  houses  in  the  district 
^"'ztxiected  by  drains  with  these  sewers,  showing  to  demonstration 

such  houses  must^  at  all  other  times^  be  pervaded  with  diluted 
Wherever  (writes  Dr.  Budd)  the  alvine  discharges 

enteric  fever  patients  travel — wherever  exhalations  from  them 
the  most  specific  of  all  the  exuviae  of  the  sick 

are  in  operation.     The  sewer j  which  is  their  common  recep- 

i»  the  direct  ooTtUnuaUon  of  the  diseased  intestine,^    Looking 

statements,  my  first  observation  is,  that  if,  with  gases  from 

'^KB  containing  typhoid  excreta,  swarms  of  disease  particles  were 

Ly  pouring  into  our  houses  at  every  crack  or  perforation  in 
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oiir  soil-pipes,  the  result  would  have  been  disastrously  difEarent 
from  what    it    has    been    in  water-closet  towns^  as  compared, 
with  country  districts,  which  have  no  water-closets.     Dr.  RusselL 
informs  us  that  in  Glasgow  the  greatest  amount  of  typhoid  fever^ 
in  proportion  to  the  population,  is  found  in  small  houses  with  n 
sewer  connections  whatever,  and  that,  both  in  respect  of  typhoi 
fever  and  diphtheria,  we  compare  very  favourably  with  the 
districts  of  Scotland.     Another  theoretical  objection  to  the  abo 
views  lias  arisen  in  the  minds  of  those  who  now  hold  the  ge: 
doctrine.     The  poison  of  this,  as  of  other  zymotic  diseases,  is  now 


held  to  be  a  particle,  and  most  advanced  8anit<arianB  believe  it  tj         > 
be  a  living  germ  analogous  to  the  organisms  found  in  vaodnc 
lymph,  small-pox  matter,  or,  perhaps,  analogous  to  the  infectii 
germs  of  splenic  fever. 

A  few  years  ago  it  was  commonly  believed  by  scientific  m< 
that  in  the  process  of  evapoi'ation,  and  in  the  evolution  of 
from    decomposing    organic    fluids,   the    resulting  vapours    ai 
gases    carried    into   the    atmosphere   quantities   of   the  minul 
particles  which  are  known  to  abotmd  in  such  fluids — ^viz.,  th 
germs  of  bacteria,  and,  by  analogy,  the  germs  of  such 
as  are  supi)osed  to  resemble  these.     But  recent  experiments  hav^ 
shown  that  this  opinion  has  no  solid  foundation.     In  a  paper 
1  before  this  Society  last  session.  Dr.  Carmichael  established,  by 
most  complete  c^xperimental  evidence,  that,  although  small 
unim^x^rtant  amounts  of  sewer  gases  did  pass  through  water  tra] 
the  germs  of  bacteria  could  not  be  got  to  do  so.     Mr.  Mactear, 
some  expcnmcnt^d,  read  before  this  Society  in  1874,  had  previooal* 
recorded  the  same  fact     His  experiments  are  all  the  more  ini 
ing  l>ecauso  they  wei*e  made  with  the  special  object*  of  trying  to 
these  genus  to  [mss  through  tlie  water  of  the  trap.     But  Dr. 
michael  establishes  a  more  important  fact.     He  proves  that  neii 
in  evapoi'ation  nor  in  gaseous  emanation  from  decomposing 
fliuds  do  the  vapours  caiTy  with  them  the  germs  of  bacteria,  h( 
over  numerous  these  may  be  in  the  fluid.     I  was  very  mm 
interested  in  tliis  discovery,  because  I  had  stated  six  years  ago 
an  opinion,  based  VL\)on  my  own  peraonal  observation  of  diiwane^ 
sewer  gases  did  not  propagate  typhoid  fever  to  any  serious  extent 
even  when  quantities  of  the  specific  discharges  of  typhoid  patieni 
were  flowing  and  exhaling  vapours  in  our  sewers.     In  the  m 
rous  milk  epidemics  which  have  occurred  in  Glasgow  and  it 
neighbourhood  since  that  time,  we  have  now  a  means  of 
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the  truth  of  that  assertion,  and  of  making  further  observations  on 

the  behaviour  of  sewer  gases  impregnated  with  the  vapours  arising 

from  typhoid  excreta.     Before  entering  upon  this  inquiry,  I  wish 

to  point  out  that  the  kind  of  evidence  on  which  the  propagation 

of  typhoid  fever  by  contaminated  water  or  milk  is  founded  is 

essentially  different  from  the  kind  of  evidence  on    which  its 

propagation  by  sewer  gases  is  based.     In  the  first  case  we  can 

generally  prove  that  at  a  particular  time  the  poisonous  discharges 

43f  a  typhoid  fever  patient  or  patients  got  access  to  the  water,  or 

t^he  milk ;  and  we  can  further  prove  that,  within  a  certain  definite 

f>eriod  of  time  from  this  occurrence,  the  disease  broke  out  among 

-t^e  people  who  drank  of  it     We  can  generally  compare  these 

f^eople  with  a  larger  mass  of  the  population  in  the  same  vicinity 

-i0vho  were  supplied  with  pure  water,  and  pure  milk,  and  who 

^"^mained  unaffected  by  the  disease. 

In  the  other  case  the  supposed  cause  is  in  constant  operation, 
^bZ3d  the  whole  oonmiunity  is  exposed  to  its  influence.  Until 
I^€e]y  we  could  not  explain  why,  in  a  city  like  Glasgow,  where 
ic  cases  of  the  fever  are  constantly  present  with  us  for 
tiis,  the  masses  of  the  people  should  be  exposed  with  impunity 
^"^^  ^ii-si  atmosphere  tainted  with  these  sewer  gases,  and  then  by 
'^^'ica^  mysterious  influence  in  a  circumscribed  locality  a  large  number 
»^  I>^ople  should  be  simultaneously  struck  down  as  if  by  poison. 

^^^  attention  was  first  directed  to  this  subject  in  the  spring  of 
^^'^  '^>3  when  I  was  engaged  in  investigating  the  causes  of  a  severe 
l^^^^^mic  of  typhoid  fever  in  Crossbill.  Having  a  large  share  in 
^^  'treatment  of  the  affected  families,  I  began,  from  the  first 
^PP^^^uance  of  the  disease,  to  take  notes  of  every  circumstance 
«»«x«ted  with  my  patiente  and  U»eir  8«rrounding7which  seemed 
^^  ^=fe:^^  to  have  any  bearing  on  its  causation.  As  the  sewer  gas 
w^o^^  ^3g  at  that  time  universally  held  by  sanitarians,  I  was 
^•^^iKied  at  first  to  blame  the  drainage,  and  endeavoured  to  find 
in  all  the  houses  in  which  the  fever  occurred.  Although  in 
houses  I  did  discover  glaring  instances  of  defect,  which  gave 
^  ^^^Xonr  to  that  theoxy,  I  failed  in  most  instances  to  find  anything 
^^^^^^^  with  the  plumber  work  or  house  drains.  What  puzzled 
~  ^^c^OBt  was  that  the  fever  broke  out  simultaneously  in  various 
^'^'^^ties  which  had  entirely  different  systems  of  drainage,  and  in 
Iiouse  which  had  neither  drain  nor  sewer.  Having  read 
^^ts  of  two  epidemics  of  typhoid  fever — one  in  London  and 
^  ^^  Qlasgow — ^in  which  the  disease  was  supposed  to  be  conveyed 
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through  milk  contaminated  by  the  faecal  discharges  of  typhoid 
fever  patients,  I  tiimed  my  attention  to  the  milk  supply.     I  need 
not  trouble  you  with  the  difficulties  I  encountered  in  this  inquiry. 
They  were  detailed  in  a  pamphlet  which  I  published  at  that  time. 
Of  68  cases  of  fever  treated  by  me  in  Crosshill  and  its  neighbour- 
hood from  18th  of  January,  when  the  epidemic  began,  till  the  end 
of  March,  when  it  suddenly  terminated,  67  got  their  milk  either 
wholly  or  partially  from  four  dairies  which  were  supplied  by  an 
Eaglesham  milk  agent      I  therefore  directed  my  inquiries   to 
Eaglesham,  and  I  shall  give  you  a  brief  account  of  what  I  learned 
there. 

About  the  end  of  November,  1874,  a  boy,  aged  7  years,  sickened 
of  typhoid  fever  in  the  house  of  his  grandfather,  a  dairyman  and 
carter,  who  lived  in  house  marked  No.  1  on  the  map.  At  the 
same  time  his  sister,  who  lived  with  her  parents  in  house  marked 
No.  2,  sickened  with  the  same  disease.  These  children  were  in 
the  habit  of  playing  with  rag-bags  which  their  grandfather  carted 
to  a  mill  in  the  neighbourhood,  and  which  were  often  thrown  down 
at  his  door.  It  was  supposed  that  these  bags  had  contained  pieces 
of  cloth  contaminated  with  typhoid  discharges,  and  that  the 
children  had  inhaled  the  poisonous  dust  from  these  rags. 

During  the  course  of  his  illness,  which  lasted  for  several  weeks, 
the  poisonous  discharges  of  this  dairyman's  grandson  were  thrown 
into  the  dungstead  figured  upon  the  map.  The  drainage  from  this 
dimgstead  actually  ran  into  an  open  well  which  was  used  for  wash- 
ing and  watering  the  carter's  horses,  and  for  washing  cloihea. 
The  overflow  from  this  horse  well  ran  into  the  gutter,  and  was 
conducted  past  the  mouth  of  another  open  well,  which  supplied  the 
inhabitants  of  the  back  row  with  drinking  water.  After  every 
shower  of  rain  the  contents  of  this  gutter  overflowed  into  well 
No.  2.  In  this  way  a  communication  was  established  between  the 
typhoid  discharges  in  the  dungstead  and  the  drinking  water  of  the 
inhabitants.  Following  upon  this,  during  the  ensuing  month  of 
December,  20  cases  of  typhoid  fever  occurred  in  the  back  row. 
There  was  no  fever  in  any  other  part  of  Eaglesham.  While  these 
20  cases  were  running  their  course  a  severe  frost  prevailed,  during 
which  the  poisonous  discharges  of  these  20  patients  were  thrown 
into  the  privies  and  dtmgsteads  behind  their  houses,  and  there 
frozen  up.  Then  followed  rains,  by  which  this  five  weeks'  aocumo- 
lation  of  filth  and  typhoid  virus  was  washed  down  over  and 
through  a  bed  of  gravel,   into  the  water-course  indicated  upon 
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he  map.     This  water,  after  joining  the  drainage  from  the  dairy- 
lan's  dungstead,  formed  an  occasional  source  of  water  supply 
o  one  of  the  formers  whose  milk  was  sold  in  the  Eaglesham  dairies 
Q  CroBshilL     This  farmer  had  a  well  beside  his  dungstead,  which 
?9B  fed  by  a  spring,  but  the  water  so  supplied  to  it  was  sometimes 
DBofficient  for  the  wants  of  his  dairy.     He  found  it  necessary  to 
111  up  his  well  occasionally  with  water  conducted  by  a  pipe  from 
he  horse  well  in  Eaglesham,  above  mentioned.     When  his  well 
V9S  full  he  diverted  this  Eaglesham  water  into  a  horse-pond,  the 
overflow  of  which  watered  a  neighbouring  meadow.     When  the 
rost  broke  up  in  the  end  of  the  first  week  of  January,  having  run 
thort  of  water,  he  turned  on  this  poisoned  water  supply,  and 
leplemshed  his  weU.     In  due  time,  allowing  for  the  known  period 
if  incubation,   two  of  his  children  took  typhoid  fever.     They 
dckened  in  the  end  of  January,  and  for  the  three  or  four  weeks 
luring  which  the  fever  ran  its  course  their  poisonous  discharges 
were  thrown  into  the  dungstead,  and,  as  shown  in  the  plan,  had 
)very  opportunity  of  draining  into   his  well      This  water,  so 
Doisoned,  was  used  for  washing  the  milk  dishes,  and  we  may 
suppose  that  at  every  rinsing  of  the  milk  cans  a  quantity  sufficient 
X)  poison  the  milk  Was  left  in  every  can  or  paiL     We  need  not 
locnse  the  farmer  of  any  intentional  dishonesty  in  such  circum- 
stances.    The  result  of  the  importation  of  this  milk  to  the  four 
Eaglesham  dairies  in  Crosshill  is  seen  in  this  table  of  cases  of 
typhoid  which  I  personally  attended.     I  have  noted  here  the  day 
on  which  the  first  symptoms  of  the  illness  showed  themselves. 
It  will  be  observed  that  the  cases  are  grouped  so  as  to  indicate 
apparently  two  epidemics : — 

FiBST  Epidkmic. 

January  18th  till  January  24th  indosive,  6  cases 

II        25th             11        3l8t         M               .  .      3  cases 

Febroary  Ist  till  Febmaiy  5th,        m               .  .      2  cases 
No  cases  from  February  5th  till  February  15th. 


Second  Epidemio. 

Febmaiy  15th  till  February  21st  inclusive, 
II  22nd  II         28th        » 

March  1st  till  March  7th  inclusive, 
II     8tfa        II        14th        II 

•I     15th  II  2l8t  n 

••    22Qd       II        28th        II 


13  cases 

16  cases 

18  cases 

2  cases 

4  cases 

4  cases 

68  cases 
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There  is  a  period  of  incubation  in  ibis  disease,  varying  from  r 
few  days  to  four  weeks,  during  which  there  is  no  symptom  of  th 
poison  germinating  in  the  patient's  body.      It  is  therefore  eviden-" 
that  when  tlic  farmer  filled  his  well,  in  the  second  week  of  Januar\ — 
with  the  poisoned  water  f  ix)m  Eaglesham,  he  not  only  poisoned  h 
own  children,  but  he  poisoned  also,  through  his  milk  tainted  b} 
this  water,  the  }XH)plc  of  Crossbill     In  this  way  we  account  for: 
the  first  epidemic.    My  explanation  of  the  interval  which  apparent! 
elapsed  between  the  first  and  second  epidemic  periods  is  this :  Th< 
disease  in  the  back  row  of  Eaglesham  came  to  an  end — ^bum' 
itself  out,  so  to  speak — in  the  beginning  of  January,  and  by  th»- 
end  of  that  month  the  accumulation  of  virus  in  that  locality 
l)een  washed  away  by  the  rains.     Had  the  farmer's  children  n 
been  poisoned  we  would  have  had  no  more  of  it     But  when  tbei 
discharges  began  to  soak  into  the  i&u*mer's  well  the  disease  brob 
out  afresh   in   Crosshill.     The   typhoid  discharges  being  in 
case    close   at   hand,    the    well     became  more    poisonous 
before,   and   so  what  I   have  called  the   second  epidemic 
worse  tlian  the  first     I  communicated  the  result  of  my  inquiri< 
to  the  Burgh   Authoiities,   and   on   the   26  th  of  February  tbv 
dairy  proprietors  of  Crosshill  were  interdicted  from  selling  an^ 
Eaglesham   milk.      The  epidemic   came   to   an   end  within   th» 
period  of  incubation  from  that  date.     I  do  not  think  it  possible 
that  we  can  ever  have  more  conclusive  proof  of  a  milk  epidemi* 
than  we  have  here.     Wherever  that  milk  was  carried,  there  th» 
disease  broke  out  in  tenements  and  houses  draining  into  sewe; 
ninning  north,  south,  cast,  and  west,  and  having  no  oonnectiQ^^' 
with  each  other.     I  need  not  occupy  your  time  further  with  p; 
of  the  milk  origin  of  this  epidemic.     For  further  details  I 
you  to  my  pamphlet,  of  which  two  copies  may  be  found  in  th 
library  of  this  Society.     Assuming  that  this  Eaglesham  milk  w; 
a  sufficient  cause  for  the  fever  in  the  case  of  those  who  could  b* 
proven  to  have  partaken  of  it,  the  question  I  have  now  to  oonside 
is — Was  the  disease  propagated  to  any  extent  by  emanations  fro: 
the   sewei's   which   received    the   ix)isonous   discharges   of  thes^ 
patients  ?     In  the  pamphlet  above  i-oferred  to  I  stated  a  number  o 
facts  which  led  me  to  believe  that,  under  ordinary  conditions^  sewe 
gas  would  not  proj^agate  typhoid  fever,  even  when  typhoid  ex( 
were  present  in  the  sewers.     Since  I  published  that  statement 
have,   as  opportunity  offered,    made    further    inquiry  into    thi 
circumstances  of  the  affected  families  whom  I  did  not  personally 
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uttend,  and  also  into  the  condition  of  the  house  drainage  of  the 
tenements  most  severely  affected  by  the  fever  at  that  time.  I 
shall  now  give  you  in  detail  the  results  of  a  few  such  inquiries, 
which  have  an  important  bearing  on  the  question  at  issue.  I  have 
here  a  plan  of  the  sewerage  of  the  affected  district.  Into  sewer 
Na  1  I  ascertained  that  the  discharges  of  220  fever  patients  were 
thrown  during  the  continuance  of  the  epidemic.  Every  affected 
house  had  a  water-closet  draining  into  this  sewer. 

After  receiving  the  sewage  of  CrosshiU,  this  sewer  runs  to  the 
north-east  through  a  district  which  has  since  been  formed  into  a 
burgh  and  named  GovanhilL  At  the  time  of  the  epidemic  it  was 
divided  into  '^  No  Man's  Land  " — in  which  one  of  the  Eaglesham 
dairies  was  situated,  and  which  was  therefore,  to  the  extent  to 
which  it  was  supplied  by  this  milk,  a  fever-stricken  district — and 
the  Cathcart  Koad  district,  in  which  the  milk  supply  was  entirely 
derived  from  other  sources.  Through  these  two  districts  a  mass 
of  typhoid  poison  was  draining  daily  and  hourly  for  three  months, 
pxhaling  the  gases  which  are  supposed  to  be  such  deadly  factors  in 
the  spread  of  the  diseasa  Every' house  in  these  districts  had  a 
crater-closet  draining  into  this  sewer,  with  all  the  usual  defects 
^hich  water-closets  possess  in  houses  built  by  speculative 
k>uilders. 

Bordering  on  the  fever-stricken  district  there  were  8  tenements 
9^  houses,  inhabited  by  59  families;  these  59  families  were 
^riously  annoyed  by  smells  from  their  water-closets,  and  by  great 
^'ifciency  and  irregularity  of  their  water-supply.  They  shared  in 
'^  popular  belief  that  bad  smells  cause  fever,  so  that,  when  the 
broke  out  in  their  immediate  vicinity,  they  became  terrified, 
appealed  to  the  sanitary  authorities  of  the  district  to  have 
'  houses  inspected  and  the  defects  remedied. 
ie  report  of  the  inspector  was  published  in  the  Glasgow 
of  20th  February,  and  showed  that  if  sewer  gases  could 
typhoid  germs,  they  had  ample  cause  for  fear.  The  report 
as  follows : — 
The  houses  in  this  tenement  are  supplied  from  a  cistern  in 
garret,  which  is  fed  by  a  finch  supply  pipe,  having  finch 
pipes  from  cistern  to  water-closets  and  jawboxes  in  houses. 
^  dstem,  which  is  3  ft.  10  in.  long,  2  ft.  9  in.  wide,  and  2  ft. 
^Y^>  was  empty  at  the  time  of  my  visit,  and  there  was  no  water 
*^^^5ng  into  it,  therefore  the  whole  tenement  was  without  water. 
^^  overflow  pipe  of  cistern  is  untrapped,  and  a  strong  current  of 
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sewage  gas  blows  up  through  the  pipe^  whiA  I  think  muel^  » 
less,  contaminate  the  water.^  ....  ''The  waterK^oaet 
stair  in  close  was  very  dirty;  the  basin,  which  is  castriron,  ta 
from  seat  to  floor,  has  no  proper  flushing  apparatus,  having  • 
pipe  bent  over  the  side;  the  inside  of  the  basin  is  oonsequei 
a  very  filthy  stata  The  floor  has  a  step  down  of  8^  in.,  a 
floor  was  covered  with  filth. 

''B.  This  tenement  I  found  to  be  in  all  respects  the  same 
but  the  water-closet  in  dose,  th^  door  €i  which  was  nail 
being  opened,  I  found  the  soil-pipe  chocked,  and  the  excrete 
flowing  the  seat,  and  the  floor  covered  with  it.  It  appei 
have  been  in  this  state  for  a  long  time,  as  the  filth  was  c 
with  white  mould.  The  smell  was  most  offensive,  and  almc 
beai-able.''  The  reports  for  tenements  marked  G,  D,  E,  and 
similar;  no  traps  in  overflow  pipes  of  cisterns;  sewage  gas 
admitted;  on  the  ground  flats  filthy  wateivclosets;  only  1 
these  six  tenements  had  water  in  the  cistern  at  the  time 
inspector's  visit. 

G  and  H  had  kitchen  jawboxes  supplied  from  the  main 
complaint  of  want  of  water,  except  in  top  flats.  Two  uprig 
pipes  in  each  tenement,  only  one  of  which  was  ventilated. 

On  the  22nd  of  April,  when  the  epidemic  was  at  an 
visited  these  tenements  and  found  that  the  conditions  descri 
the  above  roport  remained  unchanged.     The  owner  of  the  pi 
refused  to  romedy  the  defects,  and  the  sanitary  authority — \ 
at  that  time  no  burghal  powers — could  not  compel  him  to 
There  is  nothing  said  in  this  report  about  the  trapping 
bouse  drains,  but  as  a  strong  current  of  gas  was  found  to  h 
iug  back  from  the  drain,  through  the  overflow  pipe  of  the  c 
we  may  assume  that  if  thero  were  traps  of  any  description 
house  drains  they  did  not  act      Quite  recently  the  house  d 
one  of  these  tenements  was  uncovered,  on  account  of  an  is 
of  rats,  and  as  two  disconnecting  traps  were  found  in  the 
drain  of  that  tenement,  we  may  assume  that  the  others,  whic 
erected  by  the  same  builder,  were  in  a  similar  condition. 
59  iamilies  were,  therefore,  living  in  direct  communication 
sewer  which  contained  a  large  amount  of  the  f »cal  dischai 
typhoid  fever  patienta      This  sewer  was,  according  to  oui 
medical  authority  Dr.  Budd,  corroborated  by  the  opinion 
Thomas  Watson,  '*the  direct  continuation  of  the  diseased  inte 
of  fever  patients,  and  exhaled,  what  he  terms,  ''the  moat  i 
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;  all  the  exuvise  of  the  sick  body."  What  was  the  result  1  On 
16  22nd  of  April,  when  the  epidemic  was  at  an  end,  I  visited 
rery  one  of  these  59  families,  and  inquired  into  the  state  of  the 
.milj  health,  and  as  to  the  milk  supply.  Only  8  of  these  families 
id  been  supplied  either  wholly  or  partially  with  the  poisoned 
ilk,  and  4  of  these  families  had  contracted  the  fever,  and  there 
id  not  been  previously,  nor  was  there  at  the  time  of  my  visit,  a 
ogle  case  of  fever  in  the  remaining  51  families  who  were  inhaling 
le  gases  of  this  poison-ladened  sewer. 

When  we  trace  this  sewer  a  little  further,  we  come  to  a  popula- 
on  of  3,500  in  the  Cathcart  Bead  district,  whose  milk  supply  was 
lite  different  from  that  of  Crossbill  Every  house  had  a  water- 
oset  draining  into  this  sewer.  I  made  careful  inquiries  after  the 
rofishill  epidemic  came  to  an  end,  and  could  only  hear  of  two 
uses  of  typhoid  fever  as  having  occurred  in  this  population  during 
le  course  of  the  fever  in  Crossbill.  One  of  these  cases  was  known 
>  have  been  imported  from  Glasgow.  How  the  other  case  origi- 
ited  I  did  not  make  out.  The  houses  of  these  people  were  of  a 
}ry  poor  description,  and  the  drainage  was  known  to  be  very 
iperfect  Seven  tenements  of  houses  in  this  district,  which  were 
iiabited  at  the  time  I  speak  of^  have  since  been  discovered  to 
ive  no  traps  of  any  description  on  their  house  drains.  In  four 
'  these  seven  tenements  the  water-closets  were  situated  in  the 
ntre  of  the  houses,  and  entirely  unventilated.  Other  twelve 
iuements,  which  were  also  inhabited  at  this  time,  although  their 
>use  drains  were  supposed  to  be  trapped,  were  built  on  the  same 
an — an  unventilated  water-closet  being  in  the  centre  of  each 
parate  house.  In  nine  tenements  the  house  drains  were  so  badly 
id  that  they  have  since  been  found  to  be  completely  choked  up. 
ne  tenement  was  supplied  with  an  ingenious  arrangement  for 
sting  the  typhoid-generating  powers  of  f eecal  matter.  A  large 
[uare  box,  meant  to  form  a  Y  trap,  had  been  placed  under  the 
igstone  of  the  common  entry,  and  the  house  drain  was  laid  with 
fall  in  the  direction  of  the  houses.  For  two  years  the  excreta 
td  been  stagnating  under  the  basement  of  this  tenement,  yet  no 
phoid  was  known  to  have  occurred  in  any  of  these  houses  during 
is  tima     Finally^  in  four  of  the  tenements  occupied  at  the  time 

the  epidemic,  the  common  soil-pipe  was  found  to  ventilate  into 
I  attic,  which  contained  the  common  cistern  for  the  water  supply. 
>r  all  tiiese  facts  I  am  indebted  to  Mr.  Steel,  the  late  chairman 

the  Sanitary  Committee  of  Qovanhill,  who  has  taken  a  great 
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interest  in  sanitary  matters,  and  visited  these  tenements  personallj^^f -ly 
to  ascertain  the  facts. 

Let  us  now  consider  the  case  of  sewer  No.  2,  which  was  bulls'  M.  M-j\i 
by  the  city  authorities  to  diuin  the  Queen's  Park  and  the  ho 
fronting  the  Park.     Eight  villas  and  a  terrace  of  six  tenements  ot 
houses,  called  Royal  Orescent^  drained   into  the  sewer.     Thirty^  vJ"*ty 
cases  of  typhoid  fever  occurred  among  the  people  inhabiting  (hiuo  ■  ■   iiu 
houses.     As  I  then  I'esided — and  still  reside — in  Royal  Crescent  ^cS'^nt^ 
I  had  special  opportunities  of  knowing  all  the  facts  with  regard  t(»ir>"  to 
the  drainage  arrangements,  and  the  other  circumstances  of  th»  m.Mie 
affected  families.     I  shall  state  in  some  detail  the  case  of  Roya^E^  tl 
Crescent,  in  which  25  cases  of  fever  occurred.     Here  is  a 
tion  of  the  state  of  the  drainage  of  these  houses,  written  by 
Fergus,  our  late  president,  who  made  a  careful  examination  of 
house  drains.     I  quote  fi-om  an  article  on  the  sewage  questio] 
published  by  him  in  the  Sanitary  Jounud  iot  December,  1878 : 

"  Two  years  ago  I  was  requested  to  inspect  a  range  of 
recently-erected,  houses  where  typhoid  had  prevailed.     We  foun** 
the  drains  and  i*ain  water-pipes  from  the  houses  passing  into  . 
large  cesspool  at  a  higher  level  than  the  exit  pipe  into  the 
the  outlet  being  several  inches  under  water. 

^'  The  surface  of  the  water  in  the  cesspool  was  covered  wii^ 
floating  faeces  in  a  state  of  active  decomposition.     On  this  bein^ 
stiritKl,  sewer  gas  was  given  off  freely.     I  desired  that  all  th 
baths,  sinks,  and  fixed  basins  in  the  houses  should  be  fully  turm 
on;  but  not  one  particle  of  faeces  escai)ed,  the  whole  mass  onl^ 
kept  swirling  round  and  round,  the  water  escaping  from  belo 
In  order  to  convince  some  parties  who  were  sceptical,  the  p; 
of  flushing  was  repeated  day  after  day,  and  the  result  was  alwa; 
the  same.     Let  us  inquire  what  became  of  the  gas  so  genera' 
The  cesspool  was  covered  with  an  impervious  stone  lid,  herme 
cally  closed,  so  that  none  could  escape  into  the  open  air,  and 
could  not  pass  into  the  sewer  on  account  of  the  large  body 
water  wliich  interposed.     It  must  of  necessity  have  been 
back,  either  into  the  houses  or  up  the  rain-water  pipe.     T3rph 
had  been  introduced  by  milk  ;  but  I  think  it  was  clearly  pro 
that  it  had  spiHsad  by  the  decomposition  of  typhoid  stools  in 
laboratory  for  the  manufacture  of  sewer  gas." 

I  was  present  at  the  inspection  which  Dr.  Fergus  made, 
can  testify  to  the  accuracy  of  his  description.     The  statement  as 
cases  of  fever  having  been  propagated  by  the  gases  arising  froir:^ 
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diese  oeespools  fartiber  inquiry  bag  rendered  exceedingly  doubtful. 
Since  that  time  I  have  carefully  inquired  into  the  circumstances 
of  every  family  in  the  affected  tenements,  and  compared  the  results 
of  my  inquiry  with  a  book  which  was  kept  by  the  burgh  authorities, 
containing  the  results  of  a  house-to-house  visitation.     This  visita- 
tion was  ordered  by  Dr.  littlejohn,  of  Edinburgh,  who  was  sent 
hy  the  Board  of  Supervision  to  inquire  into  the  hcta  of  the 
epidemic     His  report  was  published,  and  may  be  found  in  the 
volume  of  Health  Beports  issued  by  that  body.     There  were  three 
houses,  in  flats  one  above  the  other,  on  each  side  of  the  common  stair. 
The  three  houses  on  the  left  side  of  the  common  stair  drained  into  a 
common  soil-pipe,  which  was  conducted  through  the  centre  of  these 
liouses,  and  got  exit  at  the  basement  flat  into  the  drain  and  cesspool 
described  by  Dr.  Fergua     There  was  no  proper  ventilation  in  this 
i9oil-pipe. 

Family  No.   1,  on  the  ground   flat,  consisted  of  four  adults 

21.  zm^  three   children.     Their  wash-house  had  a  bell-trap  leading 

d^:arectly  into  the  drain.     The  cover  of  this  bell-trap  had  been 

oved,   so  that  there   was  an  open   communication   between 

house  and  the  cesspool.     The   milk   supply  was   not  got 

the    tainted   source,    and    there    was    no    fever    in    this 

No.  2,  on  the  second  flat,  consisted  of  five  adults  and 

children.     The  case  of  these  people  exemplifies  the  kind  of 

which  occur  in  the  returns  of  an  official  inspection  by  the 

sanitary  officer.     They  were  reported  to  be  free  from 

and  to  get  no  milk  from  the  Eaglesham  dairy.     On  personal 

_^,  I  was  told  by  the  lady  of  the  house  that  two  of  her 

^^'^^ii^en  were  ill  for  six  weeks  with  feverishness  and  diarrhoea, 

^    'tihat  her  servant  had  been  confined  to  bed  for  a  fortnight  with 

"v-^i^^  severe  feverish  illness.     The  doctor  in  attendance  refused 

*^^^Hie  the  disease,  or  to  aUow  her  to  certify  the  cases  as  fever 

^*^^    sanitary  officer.     She  learned  afterwards  that  he  told  her 

^^^^^'"v-eB  that  the  children  were  suffering  from  the  fever.     Her 

.  ^*^*^^  milk  supply  was  got  from  one  of  the  tainted  dairies,  until 

^^usband,  who  was  a  Magistrate  of  the  burgh,  caused  her  to 

r^^^^^B  to  another  dairy,  because  he  had  become  acquainted  with 

^langerous  nature  of  his  former  milk  supply.     The  house-to- 

-^*^^  Tiaitatum  did  not  begin  until  after  the  milk  supply  had  been 

^^^^^ged,  and  so,  in  the  burgh  reports  of  this  fiamily  there  is  no 

^^^^^  of  the  fever,  and  an  erroneous  statement  about  the  milk 
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supply.     In  this  way  Dr.  littlejolm's  retams  were  rendered  ve 
inaccurate. 

Family  No.  3,  in  the  topmost  flat,  consisted  of  four  adults 
three  children.     They  got  their  ordinary  milk  supply  from  a  pu_ 
source,  but  they  occasionally  got  a  little  milk  from  the 
sourca     The  lady  of  the  house  informed  me  that  this  milk 
used  for  making  puddings,  and  always  boiled.     This  family 
not  suffer  from  fever. 

On  the  right-hand  side  of  the  stair  there  were  likew 
houses,  having  a  common  soil-pipe,  draining  into  a  cesspooL     Th^iv 
were  two  wash-houses  on  the  basement  flat^  with  bell  traps,  t^^ 
covers  of  which  had  been  removed,  so  that  here  also  there 
an  open  communication  with  the  drain  and  cesspooL     The 
on  the  ground  flat  consisted  of  four  adults  and  six  children.    TtM.ciJ 
got  their  milk  from  the  tainted  source.     Five  of  the  children  iMJBd 
typhoid  fever.     The  house  on  the  second  flat  was  not  oocupied   ^t 
the  time  of  the  epidemic.     The  family  on  the  top  flat  consisted   ^ 
three  adults  and  seven  children.     They  got  a  considerable  supp^T 
of  milk  from  the  tainted  source.     Two  of  them  had  fever.     I 
not  weary  you  by  going  over  in  detail  the  individual  cases  in 
other  tenements.     I   may  sum  up   the  result  of  my  inquir^' 
thus  : — In  every  case  of  fever  which  occurred  in  Royal 
the    patient  was    ascertained    to    have  swallowed    the  tain' 
milk. 

Eighty-four  persons  lived  in  Royal  Crescent  who  were  foand 
have  got  their  milk  supply  from  pure  sources.  No  case  of 
happened  among  these  84  people,  although  they  were  exposed 
the  emanations  from  the  cesspools,  containing  the  mass  of 
posing  typhoid  excreta  so  graphically  described  by  Dr.  Fi 
In  four  of  the  tenements  of  Royal  Crescent  these  cesspools  remaui. 
unaltered  until  the  25th  of  August,  and  the  typhoid  excreta 
in  them  were  allowed  quietly  to  decompose  and  evolve  their  nozic^ 
gases  into  the  soil-pipes  of  their  respective  tenements;  yet  t> 
fever  disappeared  quite  as  speedily  from  these  houses  as  from  th 
in  the  house  drains  of  which  these  laboratories  for  the  man^ 
of  sewtige  gas  were  replaced  by  properly-constructed  water-i 
When  we  trace  the  course  of  sewer  No.  2,  we  find  that  the  tjphxT^ 
discharges  from  Royal  Crescent  were  carried  through  the  village 
Strathbungo,  which  drained  into  this  sewer.  This  village  had 
estimated  population  of  2400.  Only  one  case  of  typhoid  was  knoW^ 
in  Strathbungo  at  that  time,  and  it  was  ascertained  that  tii^ 
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unfortunate  patient,  who  died  of  the  disease,  had  got  her  milk 
supply  from  the  tainted  source  in  CrosshilL  The  effisct  of  the 
emanations  from  sewer  No.  2  on  these  2400  people  was  nil. 
One  other  illustration,  and  I  am  done  with  the  Crosshill  epi- 
demic. 

Typhoid  fever  occurred  in  seven  families  in  the  neighbouring 
suburb  of  Langsida      Every  one  of  these  families  got  their  milk 
supply  from  the  tainted  source.     The  drainage  of  Langside  is 
quite  unconnected  with  that  of  Crosshill,  and  runs  in  an  opposite 
direction.     Some  of  these  families  had  separate  drains  for  their 
own   housea     But  a  few  cases  happened  along  the  course  of  a 
oonunon  sewer  which  drained  all  the  houses  on  the  western  slope 
of  the  hill  on  whidi  Langside  is  situated.     On  the  highest  part  of 
the  hill,  and  draining  into  this  sewer,  there  stands  an  old  residence, 
pfltrt  of  which  was  built  200  years  ago.     Two  years  ago  the  pro- 
prietor of  this  house  asked  me  to  give  him  some  advice  about  the 
clx*Binage,  as,  although  he  had  renewed  the  whole  of  the  plumber 
'iT'^yrk  a  8h<Mrt  time  previously,  and  spared  no  expense  in  obtaining 
tia^  arrangements  which  the  plumber  believed  to  be  the  best  for 
pv-i^vsnting  the  admission  of  sewer  gas,  still  he  was  annoyed  by 
ftf^g^greeable  smells,  and  said  he  always  felt  out  of  sorts  when  he 
^^ZKuuned  Icmg  in  that  house  without  a  change.     I  told  him  that, 
^    ^ifto  case  of  a  house  200  years  old,  there  were  very  likely  some 
^     ftwgotten  drains  leading  to  the  common  sewer,  and  advised 
^^'^  ^  trench  should  be  dug  all  round  the  house,  as  deep  as  the 
.  ^^^<I«tioD8,  so  tiiat  any  such  drains  issuing  from  it  mi^t  be 
^^^^^^^^'^red  and  filled  up.     By  these  means  we  did  discover  five 
l^^'^       channels  under  the  floor  of  the  oldest  part  of  the  house, 
V^*^*X^  directly  into  an  old  drain.     This  old  drain  communicated 
^*^     ^tdie  house  drain,  a  few  yards  on  the  sewer  side  of  the  water- 
_-  ^»     "^hich  was  supposed  to  cut  this  house  off  from  sewer  gases. 
_^*^^^    were  in  this  way  five  open  channels,  by  which  rats  and 
^^^^  gas  were  admitted  freely  under  the  floor  of  a  house  standing 
summit  of  a  hill,  and  connected  with  a  sewer  which 


the  disduu^^es  of  at  least  30  families  lower  down.     At 

^^i^&iiie  of  ihe  Crosshill  epidemic,  five  cases  of  typhoid  fever 

among  those  families  whose  discharges  were  carried  into 

r,  and  at  various  times,  during  the  fourteen  years  of  my 

^^^^^^mce  in  Crosshill,  I  have  attended  numbers  of  cases  of  measles 

*^^  ^oarlet  lever,  and  I  have  known  of  several  cases  of  diphtheria 

•^^^^  theae  people^     From  the  year  1856  till  1873  this  old 
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residence  was  occupied  by  a  family,  consisting  of  father,  mother, 
five  children,  and  three  domestics.     The  domestics  were,  of  conne, 
tihanged  occasionally,  bo  that  a  considerable  number  of  domestics 
must  have  been  habitually  breathing  the  gases  from  this  sewer 
during  these  seventeen  years.     On  making  inquiry  as  to  the  family 
health,  I  was  informed  that  for  the  first  twelve  years  they  had  no 
illness  of  any  kind.     Then  in  1868  the  eldest  daughter  died  ton 
the  effects  of  a  surgical  operation.     In  the  summer  of  1869  two  of 
the  children  had  typhoid  fever.     I  was  informed  that  that  was  a 
very  diy  summer,  and  the  Gorbals  gravitation  water,  with  which 
the  house   was  supplied,  had  a  very  offensive  smell,  and  was 
infested  by  large  numbers  of  insects.     The  doctor  in  attendance  on 
the  family  decided  that  these  children  had  been  poisoned  by  this 
offensive  water.     From   that  time  till  they  left  the  house,  in 
1873,  this  family  did  not  suffer  from  serious  illness  of  any  kin^ 
Although  another  family  occupied  that  house  from  1874  till  h^ 
year,  and  wore  exposed  to  the  same  extraordinary  invasion  ^ 
sower  gases  during  the  time  of  the  Cix^sshill  epidemic,  and  un*^ 
the  old  drains  above  described  were  discovered  and  filled  up, 
member  of  that  second  family,  and  no  domestic  in  that 
suffered  from  any  form  of  infectious  disease. 

If  any  further  proof  is  needed  of  the  eiToneous  nature  of 
l)opiilar  sewage  gas  theory  of  the  propagation  of  typhoid  fever* 
may  bo  found  in  the  published  records  of  the  numerous  epideut*^^^ 
which  have  been  traced  to  tainted  milk  since  I  published  my 
observations  on  this  subject.     Eveiy  epidemic  which  has 
in  Glasgow  during  the  past  five  years  has  been  traced  to 
cause.     In  former  times  these  epidemics  would  undoubtedly  h< 
been  ascriljed  to  sewer  gas,  admitted  by  the  well-known  defects 
our  soil-pipes  and  house  drains.     In  a  jiaper  published  in  IS 
Dr.  Fergus  siiys  of  Glasgow,  "  So  far  as  I  can  remember,  I  h 
never  yet  inspected  a  house  where  I  found  the  soil-pipes  and 
in  a  satisfactory  condition."     In  another  place  he  states  that^  e*^ 


if  it  were  shown  that  the  drains  and  soil-pipes  of  our  houses  w 
perfect,  sewer  gases  find  their  way  back  through  perfect  wai 
traf^s.      In  a  still   more   conclusive   and   striking  manner,  C 
respected  member  Mr.  Buchan  has  pi-oven  the  alarming  extend 
which  the  inliabitants  of  Glasgow  are  exposed  to  this  supi 
cause  of  t3r|)hoid  fever.     Lately,  in  conversation  with  him  on 
subject,  he  informed  me  that  he  had  examined  by  the  smoke-t0^ 
200  houses  in  the  west-end  of  Glasgow,  and  that  the  smoke  iasa^ 
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m  some  perforation  or  crack,  or  crevice,  inside  the  house,  in 
)  cases ;  showing  that,  with  one  exception,  the  atmosphere  of 
117  house  was  being  contaminated  by  sewage  gases  from  the 
ise  drain.  Further,  10  per  cent,  of  the«e  houses  had  no  trap  of 
r  description  upon  the  house  drain,  so  that  there  was  a  free 
amunication  between  the  house  and  the  public  sewer. 
Bearing  these  facts  in  mind,  let  us  take  the  records  of  two  of  the 
isgow  epidemics,  which  were  traced  to  a  tainted  milk  supply, 
I  published  by  Dr.  Bussell,  at  the  request  of  the  Health  Com- 
titee  of  the  Town  Council.  We  will  take  first  the  Washington 
eet  outbreak,  which  occurred  in  the  autunm  of  1875.  At  page 
>f  this  Report  we  find  the  following  statement  of  the  very 
iking  manner  in  which  the  fever  was  confined  to  those  who 
rtook  of  milk  which  was  proven  to  have  been  tainted  by  typhoid 
nreta: — ^In  Washington  Street,  Bishop  Street,  Main  Street,  and 
>bcro6s  Street,  among  483  persons  who  got  their  milk  supply 
)ly  or  occasionally  from  the  tainted  dairy,  there  occurred  58 
08  of  undoubted  typhoid  and  30  cases  of  a  feverish  illness,  suspi- 
asly  like  typhoid,  while  among  579  individuals,  with  a  different 
k  supply,  living  in  the  same  streets  and  tenements,  having  the 
L^  drains  and  sewers,  and  being  exposed  to  the  emanations  from 

iyphoid  excreta  of  these  60  or  80  cases,  only  one  case  of  the 
^T  could  be  discovered. 

*3ie  only  other  epidemic  which  I  shall  refer  to  in  this  connection 
^jzed  in  the  west-end  of  Glasgow  in  December,  1877,  and  the 
^wing  January  of  1878.  Cases  of  fever  occurred  in  the  follow 
localities : — ^Hill  Street,  Berkeley  Terrace,  Boyal  Terrace, 
ij«doch  Crescent^  Park  Street  (East),  Park  Circus,  Park  Gardens,, 
k  Quadrant^  Park  Terrace  Lane,  West-End  Park  Street,  Wood- 
La  Terrace,  Claremont  Terrace,  Woodside  Crescent,  Newton 
^e,  and  Bath  Street.  122  families,  living  in  the  streets  and 
^068  named,  had  their  milk  supply,  either  wholly  or  partially, 
^  dairies  which  were  proven  to  have  given  out  a  milk  tainted 
^  the  excreta  of  typhoid  fever  patients.  Of  these,  29  families 
^  affected  with  fever.     675  families,  living  in  the  same  streets^ 

^tenraoesy  were  supplied  with  milk  from  other  sources,  and  of 
^  only  one  &mily  was  discovered  to  have  fever.  Here  we  have 
t^nums  excreta  introduced  into  the  house  drains  and  sewers  of 
liQOilities,  the  aoil-pipes  and  drains  of  which  are  proven  to  be 
hemely  imperfect  by  the  published  statements  of  such  competent 
tiOfitieB  as  Dr.  Fergus  and  Mr.  Buchan ;  and  yet^  with  the 
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exception  of  one  family  in  Bath  Street,  these  799  families  oontmued 
for  several  weeks  to  be  exposed  to  the  emations  from  these  poisim- 
ladened  drains  and  sewers,  without  any  evil  result  whidi  could  be 
proven. 

Although  I  think  the  evidence  which  I  have  brought  before  you 
to-night  is  sufficient  to  warrant  me  in  saying  that  no  exteDdve 
epidemic  of  this  fever  can  be  propagated  by  the  inhalation  of  the 
air  which  is  carried  back  into  our  houses  from  the  sewera,  yefc 
I  think  it  quite  likely  that  particles  of  matter  containing  disease 
germs  do  occasionally  get  into  our  houses  through  this  agency. 
In  consequence  of  the  rise  and  fall  of  the  sewage  leaving  the  sodes 
of  the  sewer  alternately  wet  and  dry,  particles  of  typhoid  excreta, 
or  other  disease  products,  may  occasionally  get  dried  on  its  sidei^ 
and  be  carried  back  into  our  houses  in  the  form  of  dust,  when 
there  is  no  intervening  water-trap  to  stop  its  progress.     Of  oouiss^ 
the  same  thing  may  happen  in  a  common  soil-pipe  or  house  drain. 
In  this  way,  a  few   particles  may  gain  admission   throu^  an 
untrapped  house  drain  or  a  perforated  soil-pipe.     Bat  even  if 
these  particles  are  inhaled  by  a  susceptible  individual,  I  do  not 
think  it  likely  that  they  will  be  absorbed  in  such  a  way  as  to 
produce  the  fever,  unless  they  are  actually  swaUowed   into  iho 
stomach  with  the  saliva  or  the  mucus  of  the  nostrils.     I  bdie*^ 
in  fact,  that  the  poison  of  typhoid  fever  must  be  swallowed,  if  '^ 
is  to  germinate  in  the  body.      That  this  fever  is  oooasionaUj 
contracted  by  the  inhalation  and  subsequent  swallowing  of  doflfe 
particles  of  typhoid  excreta,  I  firmly  believe.     In  a  sewer  whiA 
is  constantly  being  deluged  with  water,  the  chance  of  dust  particte* 
of  human  excreta  being  allowed  to  form  is  very  small,  as  compai^ 
with  the  danger  from  the  same  excreta  in  a  midden  or  pii^* 
The  records  of    the  epidemics  I  have  just  described  show  tb^^ 
cases  of  typhoid  fever  arising  from  the  inhalation  of  sewer  io^^ 
must  be  very  rare. 

It  is  often  stated  that  free  ventilation  renders  the  einanati0'^*^ 
from  sewera  innocuous,  but,  if  the  views  I  have  just  stated 
well   founded,  there  is  quite  as  much  danger  in  breathing 
particles  in  the  air  exhaled  from  a  street  ventilator  as  in  breatbi^^^ 
the  same  particles  in  soil-pipe  air.     No  amount  of  surrounding 
can,  at  once,  make  any  chemical  change  in  a  dry  particle 
infective  matter.     Statistics  prove  that  ventilation  of  the 
of  a  town  does  not  necessarily   diminish   the  death-rate 
ty][>hoid    fever.       The   following    Table  indicates  the    ai 
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published  by  Mr.  Baldwin  TAtham,  which  illustrates  this  point. 
I  have  added  a  five  jears'  average  of  the  typhoid  fever  death-rate 
for  Glasgow  and  Dublin  : — 

AvaraM  Bala 
pwlMO. 

1.  Bristol,  with  no  ventilation  of  house  drains  or  sewers,  .        .        *38 

2.  Plymouth,  one  ventilator  on  every  five  miles  of  sewer,  and 

no  house  drain  ventilation, *36 

3.  London,  where  the  sewers  are  ventilated,   but  the  house 

drains  are  for  the  most  part  unventilated,    ...         "26 

4.  Croydon,  where  both  publio  sewers  and  house  drains  are 

ventilated, '59 

5.  Glasgow,  sewers  well  ventilated,  house  draius,  for  the  most 

part,  ventilated,  .        .  *37 

6.  Dublin,  where  there  are  comparatively  few  water-closets,     .  *5 

It  therefore  comes  to  be  a  serious  question  whether  we  may  not 
err  in  making  an  unnecessarily  large  number  of  openings  on  our 
aewers  and  house  drains.  By  so  doing  we  may  dry  up  a  larger 
amount  of  the  dangerous  material,  and  promote  its  dissemination 
in  dust  particles. 

The  only  other  epidemic  disease  common  in  this  country,  which 
reoent  investigation  connects  with  the  exhalations  from  human 
excreta  and  sewer  gases,  is  diphtheria;  all  the  observations  which 
I  have  made  in  the  case  of  typhoid  fever  apply  with  even  greater 
ioroe  here.    We  do  not  know  what  the  essential  poison  of  diphtheria 
18,  and  we  cannot  say  that  it  certainly  exists  in  the  alvine  dis- 
charges of  the  diphtheritic  patient      Experiment  rather  goes  to 
show  that  in  this  disease  the  poisonous  matter  is  confibaed  to  the 
diadharges  from  the  throat,  and  that  it  is  only  disseminated  by 
direct  contact  with  particles  of  the  diphtheritic  exudation  coughed 
OiM^t,  by  the  patient     It  is  possible  that  a  certain  amount  of  this 
Poisonous  matter  may  be  swallowed  by  the  patient,  and  if  we 
3i^C3cede — what  we  really  know  nothing  of — that  it  may  pass 
L-^crough  the  stomach  and  intestines  without  losing  its  virulent 
ipertieSy  it  may  in  this  way  gain  access  to  the  sewers.     But^  as 
tve  proven  that  large  quantities  of  typhoid  excreta  may  exist 
without  any  proven  extension  of  that  disease  by  these 
I  would  infer  that  these  small  quantities  of  diphtheritic 
-tier  can  do  very  little  harm.     By  analogy,  I  would  affirm  that 
of  diphtheria  do  not  arise  from  sewer  exhalationa 
have  looked  carefully  into  the  statistical  evidence  which 
"t  Russell  brought  before  this  Society  in  his  paper  upon  ''  Filth 
in  Town  and  Country."     I  am  quite  satisfied,  after  careful 
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comiideration  of  this  subject  for  some  years,  that  we  have  no  metns 
of  difierentiatiug  diphtheria  from  membranous  croap.     I  have  re- 
peatedly known  a  case,  which   was  at  first  termed  diphtheria, 
ultimately  registered  as  croup  when  the  child  died  with  croap^ 
symptoms,    and  cases  have  been  frequently  reported  in  which, 
although  the  case  was  at  fii-st  supposed  to  be  croup,  it  was  ultimttely 
decided  to  be  diphtheria,  when  diphtheritic  symptoms  appeared  in 
another  member  of  the  family.     I  believe  that  the  B^pstnr- 
Crcncral  acts  wisely  in  grouping  these  diseases  under  one  head.  In 
the  small  houses  of  the  poor,  where  the  parents  do  not  send  for  a 
mcKlical  man  until  the  child  has  shown  dangerous  symptoms  of  chok- 
ing, the  case  is  likely  to  be  registered  as  croup ;  whereas,  in  a  luger 
house,  in  which  the  child  is  seen  at  an  earlier  stage  of  the  disette, 
licfore  the  croupy  symptoms  develop,  it  is  more  likely  to  be  tenned 
diphtheria.     Then  again,  a  large  proportion  of  the  children  dying  in 
the  iKX)i'est  houses  are  not  seen  by  a  medical  man  at  all,  and  every 
case  of  diphtheria  which  ends  in  croupy  symptoms  is  certain  to  be 
registered  by  these  ignorant  persons  as  croup.     With  all  respect 
for  Dr.  Russell,  I  do  not  think  that  in  the  present  state  of  medical- 
knowledge  he  is  warranted  in  drawing  any  deduction  as  to  th^ 
etiology  of  diphtheria,  as  contrasted  with  the  etiology  of  croup  -w 
from  the  statistics  he  advances.     The  conclusion  that  diphtheri^^ 
is  more  prevalent  in  small  houses  which  have  water-closets 
it  is  in  those  that  have  none,  is  based  upon  a  mass  of  the  moi^' 
untrustworthy  returns.     Any  man  who  has  examined  the 
of  a   registrar,   and   seen   the   extraordinary  declarations   ih( 
recorded  as  to  causes  of  death,  must  look  with  utter  incrednlii 
iq>on  any  statement   with  regard  to  a  differential  diagnoflifl  o^ 
disease  founded  upon  such  a  basis.     In  the  closing  paragraj^  o 
that  paper  Dr.  Russell  makes  the  following  statement,  and  asks 
question: — *^Even  with  all  the  outrageous  blunders  of  position 
construction  in  our  largest  and  best  houses,  and  without  that  officia^ 
inspection  of  new  buildings  in  regai*d  to  details  of  sanitary  a 
mont  which  ought  to  be  instituted,  you  have  seen  that  in 
houses,  in  the  four  years,  1873-76,  the  mortality  from  diphtheri^^* 
was  only  126  jjer  million,  and  from  enteric  fever  186 — urates  whid^^ 
aro  far  below  those  which  constantly  prevail  in  the  majoritj 
purely  country  districts,  as  depicted  on  those  diagrams,  and  ala<^ 
much  below  the  mortality  from  enteric  fever  in  small  honaeB 
which  have  no  sewer  connections  whatever.     But  how  do  thoao 
diseases  occur  in  houses  with  no  sewer  coimection  f     Dr.  RuaBdTi 
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tion — How  do  those  diseases  occur  in  houses  with  no  sewer 
lections  whatever? — ^brings  me  to  the   second  part  of  my 
9cty  the  sanitary  problems  of  the  dry  system.     In  illustration 
leee,  I  shall  relate  the  story  of  an  epidemic  of  typhoid  fever 
:h  I  personally  investigated.    In  the  autumn  of  1875  I  learned 
two  families,  to  whom  I  acted  as  medical  adviser,  had  con- 
ied  typhoid  fever  in  Millport.     As  Millport  is  situated  on  the 
1  island  of  Cumbrae,  in  an  isolated  position,  it  seemed  to  me 
i  a  very  promising  place  for  a  successful  investigation  into  the 
3S  of  these  casea     On  arriving  there,  I  found  that,  at  that 
f  all  the  excreta  of  the  inhabitants  were  collected  on  the  dry 
im  in  privies  and  middens  behind  the  houses,  and  taken  by 
fanners  to  manure  the  fields  behind  the  village.     The  first 
into  which  I  inquired  occurred  in  the  Foulpart  district,  and 
affected  &mily  drank  water  from  a  well,  situated  on  the 
b,  called  the  '*  Tea-well."     My  suspicion  naturally  attached  to 
i^ter  of  this  well,  and  I  had  not  far  to  seek  for  the  source  of 
amination.     This  Tea-well  is  an  open  trough,  fed  by  a  pipe 
:h  collects  the  water  from  an  open  surface  drain  in  an  adjoining 
At  the  time  of  my  visit  a  heap  of  manure,  collected  for  the 
ose  of  spreading  over  the  field,  was  lying  near  the  edge  of  the 
oe  drain.    I  learned,  on  inquiry,  that  this  manure  was  collected 
the  privies  of  a  part  of  Millport,  in  which  typhoid  fever  had 
red  every  year  for  some  years  previously,  and  it  must  there- 
contain  the  specific  poison  of  the  disease.     Every  shower  of 
Irained  this  filth  and  poison  into  the  welL     From  the  date  of 
dposit  of  this  manure  heap  six  cases  of  typhoid  had  occurred 
S  the  people  who  drank  this  water,  and  also  several  cases  of 
f^iah  illness  of  an  indefinite  character — ^probably  mild  typhoid. 
Utory  of  my  other  Millport  patient  is  equally  instructiva 
Ved  in  the  Glasgow  Street  district,  in  which  the  fever  had 
tied  extensively  for  several  years.     The  water  supply  of  this 
^  came  from  a  well  sunk  in  the  centre  of  a  large  turnip  field. 
^led  that  this  turnip  field  was  manured  with  dung  collected 
t]ie  part  of  Millport  which  it  supplied  with  water.     As  the 
^ater  was  simply  the  surface  drainage  of  the  turnip  field,  the 
«  of  that  neighbourhood  were  therefore  supplied  with  a  filtered 
ion  of  their  own  excrement.     On  further  inquiry,  I  learned 
a  Btill  worse  state  of  matters  had  existed  in  Millport     In 
t»  I  was  informed  that  26  cases  of  typhoid  had  occurred ;  in 
>,  35  cases  j  in  1874,  60  cases.     In  the  latter  year,  when 
b  XEDL— No.  1.  M 
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matten  were  getting  so  serioos,  the  ini¥li(«]  oflker  of  the  place 
notioed  that  the  £armer  who  cultivated  this  tamip  field  had  a  large 
accumolatiou  of  manure,  collected  from  the  privies  of  MillpOKt,  oa 
th«  top  of  an  earthenware  pipe  with  open  nnoemented  jomti 
which  supplied  the  Glaagow  Street  district  with  water.  "Whea 
the  water  carried  through  this  pipe  was  analjied,  it  vu 
found  to  be  loaded  with  organic  matter.  After  all  these  &cti  had 
been  ascertained,  and  meantime  CO  persons  poisoned,  this  msiraze 
heap  was  removed,  and  the  fever  disappeared,  to  break  oat  agun 
in  a  milder  form  when  die  field  came  to  be  manured  with  the 
excreta  of  these  GO  patients. 

There  is  no  doubt  that  the  soil  performs  a  kindly  ofl&oe  in  oonoeAl- 
ing  from  our  view  these  dangerous  materials,  and  that^  if  you  do  not 
over-tax  its  powers,  it  may  even  destroy  their  poisonous  pit^ertiai; 
out  I  urn  quite  convinced  that  a  water  supply  derived  £ram  the 
surface  drainage  of  tiolds  manured,  as  these  fields  were,  with  the 
poisonous  discharges  of  typhoid  fever  patients,  is  certain  to  devdap 
periodical  outbreaks  of  that  disease.     The  history  of  this  village 
points  to  the  great  dangers  of  the  dry  system  of  disposal  of  human 
excreta.      We  fretjuently  hear  of  outbreaks  of  various  forms  oC 
zymotic  disease  in  remote   pastoi'al  districts,  where  such 
may  liave  been  unknown  for  a  generation.     What  happened  i 
Milljiort  may  help  us  to  an  explanation  of  such  cases.     What 
more  likely  than  that  the  disease  germs  have  been  carted  out 
the  adjoining  town  in  the  manure  cart,  and  by  chance  shi 
down  at  tlie  side  of  a  water-course  or  on  the  top  of  a  well  t    V^ 
know  that  the  manure  of  Glasgow  contains  the  excreta  of 
of  the  jxjpulation,  removed  from  the  lowest,  and,  in  a  sanitaiy  poin 
of  view,  the  woi-st  parts  of  the  city.     This  manure  often 
in  abundance  the  alviiic  dischai-ges  of  typhoid  patients, 
stained  and  satunited  with  the  contagious  expectoration  of  di] 
thcria  and  tlie  sweepings  of  the  houses  in  which  rage  scarlet 
and  measles.    All  this  heterogeneous  mass  of  |)oison  is  carted  to 
manure  heaps  in  the  outskirts  of  Glasgow,  there  mixed  with  othsr 
manurial  refuse,  without  the  slightest  attempt  at  the  separation 
disinfection  of  tlie  dangerous  elements,  and  then  transported  to 
farmers  of  the;  dairy  districts  around  Glasgow.     I  believe  that  i 
some  of  the  milk  epidemics  which  I  have  already  spoken  of  so  bH^^^ 
we  are  being  punislied  for  what  I  can  only  characterise  as 
recklessness  and  ignorance  displayed  in  the  dry  methods  of  dispowU 
as  they  are  at  present  conducted.    We  are  receiving  back  with  ooB* 
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pound  interest  the  germs  of  disease  which  we  have  sent  out  The 
deansing  authorities  in  the  towns  and  Tillages  of  this  country  are 
as  truly  dealers  in  poiM}n  as'  are  the  traders  in  arsenic  or  strych- 
nine, and  the  dangers  of  ignorant  and  careless  methods  of  con- 
ducting their  business  are  immensely  greater. 

We  cannot  speak  too  strongly  on  this  subject  Until  our  parochial 
and  ini)an  rulers,  and  the  farmers  themselves,  are  convinced  as  to 
the  dangers  of  using  these  poisonous  materials  as  manures  for 
fields,  the  surface  drainage  of  which  may  pollute  their  water 
supply,  we  cannot  hope  much  to  diminish  the  spread  of  typhoid 
fever,  140,000  cases  of  which  occur  annually  in  this  country, 
giving  rise  yearly  to  15,000  deaths  and  an  untold  amount  of 
mimry.     I  need  not  speak  of  other  dangers. 

Before  closing  I  shall  indicate,  very  briefly,  the  bearing  which 
the  observations  I  have  recorded  in  this  paper  have  upon  the 
moffications  upon  existing  methods  of  disposal,  ^diich  the  last 
9Iflsgow  Sewage  deputation  recommend  for  adoption  in  this  city. 
L-fe  page  5  of  the  Report  they  say:-:-''  Whatever  may  be  said  in  a 
dtary  and  economical  point  of  view  of  the  various  dry  systems 
disposing  of  excreta — and  we  freely  acknowledge  that  some  of 
ft  arguments  in  fevour  of  these  are  unanswerable — we  regard 
reintroduction  into  water-closeted  towns  as  altogether  hope- 
t;  and  we  are  the  more  reconciled  to  the  conveyance  of  sewage, 
.<tly  so  called,  by  water-carriage,  since  the  ordinary  house 
h^^anage,  whidi  ia  almost  as  offensive  and  quite  as  impure,  cannot 
of,  in  this  country  at  least,  in  any  other  way.*' 
die  I  believe  that  the  water-carriage  system  is  a  great  sanitary 
ler  when  introduced  in  towns  and  villages  which  drain  into 
IS  forming  the  water  supply  of  the  population  upon  their  banks; 
le  I  hold  it  to  be  a  dangerous  source  of  disease,  and,  apart  from 
aspect  of  the  question,  an  utter  abomination,  to  compel  the 
^""^ilations  on  the  lower  reaches  of  a  river  to  drink  water  polluted 
the  excrement  of  towns  and  villages  near  its  source — ^yet  I 
that  the  water-carriage  system  as  applied  to  a  town  like 
'  ^igow,  which  drains  into  a  tidal  river,  or  to  a  town  situated  on 
iea-eoast^  where  the  water  supply  is  pure  and  protected  from 
^[^^amination,  is  much  less  dangerous  than  are  the  present  methods 
on  the  dry  system.  Although  I  have  brought  forward 
ience  in  this  paper  which  proves  to  me  that  epidemic  disease  is 
spread  to  any  serious  extent  by  sewer  gases,  I  do  not  mean  to 
that  the  atmosphere  of  a  house  habitually  tainted  with  these 
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gaftes  in  hai-nilesti.    The  habitual  breathing  of  an  impure  atmoq>bere 
in  one  of  the  Hurest  means  of  deteriorating  the  health,  and  is  one  of 
the  factors  which  tends  directly  to  the  development  of  oonstitutioDil 
disease.      The  various  forms  of  organic  degeneration— of  idiicfa 
coiLsumption  of  the  hmgs  may  be  taken  as  a  type — are  the  fomu 
of  disease  which  we  associate   most  surely  with  all  the  various 
influonces    of    \md    food,    impure    air,   insufficient  clothing,  and- 
uiicleunliness  of  person.     But  I  do  think  that,  with  the  adoptioC^ 
of  proper  sanitary  super\'isiou  of  our  house  drains  and  soil-pipe^--^ 
such  em  this  Sewage  Report  I'ecommends,  the  dangers  from  aew^^^^ 
gases  to  which  our  city  populations  arc  at  present  exposed 
become  recollectiouK  of  the  past      The  adoption  of  the  sei 
precipitation  scheme  will  remove  the  only  objection  which,  as  s- 
sanitarian,  I  can  urge  against  the  water-closet  system  in  Glasgow 

I  cannot  s]>eak  with  approval  of  the  dry  methods  recom^c^ 
mended,  because,  while  they  adopt  a  part  of  the  ManchcBteL.^:^ 
pail  and  tu}>  system,  they  stop  shoi*t  at  what  seems  to  me,  lookin^- 
at  the  niatt(;r  from  the  sanitaiy  point  of  %'iew,  begins  the  mc 
important  part  of  this  method.  They  do  not  recommend 
adoption  the  chemical  and  drying  processes,  which  convert 
dangerous  excreta  of  diseased  neighbourhoods  into  a  valuable 
harmless  manure.  They  do  not  propose  to  destroy  the  dangeroo^** 
contents  of  ashpits  saturated  with  these  excreta,  and  convert  the 
\':iluel(^ss  and  dangerous  materials  into  charcoal,  mortar,  and 
land  cement,  as  is  done  more  or  less  completely  in  12  towns  i: 
Kngland,  which  have  had  the  enterprise  to  act  as  pioneers  in  the 
matters. 

lu  the  three  forms  of  apparatus  adopted  by  these  towns,  not- 
as  far  as  I  can  ascei-tain  from  their  reports — for  any  sanitary 
but  because  of  their  convenience  and  the  money  saving  which  the/ 
ofTect  ou  the  former  methods  of  dis|X)sal,  in  the  Destructor, 
lK)niser,  and  Conci'eter,  patented  by  Mr.  Fryer,  of  Nottingham, 
have  the  most  perfect  means  of  destroying  the  germs  of  zymot 
disease. 


Whether  any  better  system  can  be  devised  for  Glasgow  may 
a  matter  for  consideration,  but  it  is  clearly  the  duty  of  those 
have  the  arrangement  of  the  now  methods  of  disposal  of  the  exi 
and  refuse  from  the  poorer  parts  of  Glasgow,  with  all  the  li^^ 
which  lias  been  shed  on  these  matters  of  late  years,  and  the  examples 
of  these  English  towns,  to  adopt  some  efficient  means  of  preventing 
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the  great  dangers  of  the  present  manure  heaps,  which  pollute  the 
atmosphere  and  poison  the  inhabitants,  alike  of  Glasgow  and  of 
the  country  districts  to  which  they  are  transported. 


XV  HI. — On  Vegetable  Parasites  on  the  Tea  Plant,  more  especially 
that  of  Assam.    By  Jahes  Stirton,  M.D.,  F.L.S. 


Read  before  the  Society,  27tb  April,  1881. 


^R.  A.  Watt,  a  tea  planter  in  Assam,  and  formerly  resident  in 

-tyk^  dty,  has  favoured  me,  from  time  to  time  during  the  last  three 

^^sais,  with  numerous  specimens  of  the  bark  and  leaves  of  trees 

d  shrubs  growing  in  his  neighbourhood.     These  barks  were  sent^ 

the  first  instance,  mainly  for  the  sake  of  the  parasitic  lichens 

^   fungi  growing,  more  especially,  on  the  different  varieties  of 

*™^    t:ea  plant  cultivated  there,  with  the  view  of  ascertaining,  if 

le,  how  much  the  v^etative  processes  of  the  plant  were 

with  by  such  invasion.     Becoming,  however,  interested 

*^     ^li.«  subject,  Mr.  Watt  has  latterly  widened  his  field  of  research, 

*^^^»    "while  his  attention  is  still  mainly  directed  towards  the  con- 

^^^^Oi3L  of  the  tea  plants,  he  has  sent  me  corresponding  parasites 

trees  in  the  jungle  or  aboriginal  vegetation. 

might  have  been  anticipated,  there  is  a  marked  difierence  in 

^    X^Cttusitic  organisms  of  the  two  habitats.     Those  infesting  trees 

^   ^^^^     "^lirubs  in  the  open  (or  cleared  and  cultivated  land)  belong,  in 

the  larger  proportion,  to  the  division  of  lichens,  and  they 

L^  affect  barks,  while  a  comparatively   small  number  are 

on  the  upper  or  exposed  surface  of  leaves.    It  is  noticeable, 

%hat  the  hard  smooth  coriaceous  leaves  of  evergreens  are  the 


.     ^^^L    of  such  parasites,  while  those  of  a  deciduous  character  are 
^^^^^'*^  attacked. 


a  rule,  lichens  require  a  much  longer  time  for  the  develop- 

of  the  stages  of  the  v^^tative  and  reproductive  processes 

i,  and  do  not  invade  the  tissues  of  the  host,  inasmuch  as 

not  dependent  for  their  development  on  the  juices  of  the 

^^^^t  on  which  they  rest     Not  so  fungi,  which  feed  on  the  pro- 

^  ^^*asm  of  tiie  plants  they  attack.     It  is  remarkable,  also,  that 

^^^^*^aia  tribes  of  the  microscopic  fungi  (of  which  we  shall  mainly 

^^^^)  axe  singularly  selective,  so  to  speak,  of  their  vegetable 
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victimii,  and  the  presumption  Ls  UimI  a  oertain  qoali^  of  proto- 
plasm is  necessary  as  a  pabulum.  In  this  wmj  eertain  tribea  of 
plants  are  known  to  be  infested  by  certain  fqpedea  of  imigi — ao 
much  so,  indeed,  that  mycologists  are,  in  many  funee,  oomtent  to 
name  the  parasitic  fungus  from  the  plant  host. 

Another  peculiarity  worth  noticing  is  that  plants  under  culti- 
ration  are  more  liable  to  be  attacked  by  fungi  than  those  in  a 
state  of  nature,  and  the  higher  the  degree  of  cnltiTation  the 
greater  the  liability  and  the  more  destructive  the  effects. 

The  tea  plantations  of  Assam  from  which  cryptogamic  plants 
have  l>een  sent  are  all  situated  on  alluvial  soil,  a  soil  which  had 
formerly  been  submerged,  and  had  formed  the  upper  part  of  what 
was  at  one  time  the  estuary  of  the  river  Brahmapootra.  HiIb 
soil  is  accordingly  composed  entirely  of  ^'ery  fine  silt,  and  not  OTon  a 
fiebble  can  be  detected  for  a  depth  of  many  feet  beneath  the  surfiMe. 

From  such  geographical  peculiarities  two  condnsions  cma  readily 
Ije  deduced — 1st,  the  rainfall  must  be  very  considerable  and  mainly 
at  two  seasons  of  the  year;  2nd,  the  land  is  one  of  the  most  recent 
geological  formations,  possibly  one  within  historical  times,  at  any 
rate  within  such  as  are  included  in  Indian  or  Chinese  rsooida 
This  statement  is  borne  out  from  the  fact  that  no  ruins  of  any 
consequence  occur  within  the  space  included  by  these  tea  plant- 
ations, although  such  ruins  are  plentiful  enough  higher  up  on 
cither  side,  and  especially  on  the  west  or  Changes  side  of  AaBsm, 
at  no  great  distance  from  the  site  in  question,  and  indeed  fbnning 
part  of  the  same  vast  alluvial  basin.  As  is  well  known,  this  basin 
of  India  is  peculiarly  adapted  to  the  cultivation  of  the  tei^plaiit, 
and  produces  some  of  the  best-flavoured  samples  hitherto  intio- 
duccd  into  our  markets,  under  the  names  of  Indian  and  Aassm 
teas;  in  fact,  tliis  basin  is  to  India  what  that  of  the  Yang-tse-kiang 
is  to  China,  and,  being  further  south,  is  more  favourably  ritnatfidj 
inasmuch  as  the  leaf  is  more  tender,  and  accordingly  yiaUs  its 
[)cculiur  properties  more  readily,  as  well  as  in  greater  abundnnoe, 
and  of  more  delicate  aroma. 

From  such  conditions  of  soil  and  climate  it  will  readilj  be 
conceded  that  vegetation  of  every  sort,  phanerogamic  as  well  as 
cryptogamic,  is  favoured  in  an  imusual  d^ree.  The  specimens 
sent  to  me  prove  this  unmistakably,  inasmuch  as  they  are  weU 
developed  in  almost  every  instance,  and  the  difficulty  of  dis- 
crimination and  determination  is  less  than  I  have  6J^>erienoed  in 
corresponding  plants  from  any  other  part  of  the  g^obe. 
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During  my  investigations  it  soon  became  evident  that,  in  order 
to  render  the  results  fairly  intelligible  to  the  general  public,  it 
would  be  necessary  to  form  two  distinct  divisions  of  my  subject — 
the  first  embracing  botanical  descriptions  of  the  parasites  proper; 
the  second  portraying,  so  £Eur  as  could  be  done,  the  probable  effects 
of  such  organisms  upon  the  tea  plants  more  especially. 

The  first  part  is  what  I  propose  at  this  time  to  lay  before  this 
Society,  the  second  must  be  deferred  until  I  have  received  a  more 
extended  series  of  specimens  which  will  show  more  effectively  and 
continuously  the  various  stages  of  development  and  growth  of  these 
parasite& 

Sphinctrina  exilis.     Sp.  nov. 

Thallus  pallide  cinerascens  tenuissimus ;  apothecia  tenella  stipi- 
tata  (altit.  '4  -  '5  mm.),  capitulo  fusco-nigro  vel  nigro,  breviter 
cylindraceo-turbinato  (latit.  '1  -  *12  mm.),  stipite  gracilento 
pallido ;  sporse  Snas  uniseriatse,  ellipsoidesB  fuscie  vel  fusco-nigrse, 
simplices,  -008  -    Oil  X  -005  -  -0065  mm. 

Ck)rticola  :  cum  Lecideafiiaco-rubeUa  associata.  The  thecsB  were 
evident  in  almost  every  instance  examined. 

Tylophoron  (Cotylaria)  nidulans.     Sp.  nov. 

Thallus  pallide  glaucescens  vel  pallide  cinereo-plumbeus  Isevigatus 
rimuloso-areolatus  bene  evolutos ;  apothecia  in  tuberculis  thallinis 
(latit  '4t  —  '8  mm.,  altit  circiter  '6  mm.)  fere  cylindraceis  innata, 
perithedo  nigro  integro  (infra)  tenui,  massa  sporali  (supra)  nigra 
ooncaviuscula  vel  plana  (non  protrusula),  firma  sicut  in  Zecanoris  ; 
sporsB  incolores  dein  fuscse  vel  fusco-nigrse,  ellipsoidese,  1  -  septatse, 
•0075  -  '0095  X  -004  -  -0055  mm.  Hymenium  rufescens 
prsesertim  infra ;  paraphyses  irregulares,  gituiuloso-inspersse.  lodo 
geL  hym.  non  tincta  nee  sporse.     Corticola. 

The  di£krenceB  indicated  above  between  this  and  the  genus 
Tylophoron,  as  represented  (more  especially)  by  T.  protrudens, 
(NyL)  are  of  sufficient  significance  to  warrant  a  generic  distinction ; 
accordingly,  it  might  be  as  well  to  give  effect  to  this  (meanwhile 
at  least)  by  constituting  a  new  genus  under  the  title  Cotylaria. 

lyiophoron  (Cotylaria)  punctiforme.     Sp.  nov. 

Thallus  cinerascens  tenuis  hinc  inde  rimulosus  determinatus ; 
apothecia  in  papillis  thallinis  (latit  basi  *2  -  *3  mm.;  altit  circiter 
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*25  mm.)  iiinata,  epithecio  (latit  '1  -  *2  mm.),  massa  spondi 
nigra,  convexula  vel  plana;  sporae  simplices  fere  spluerics,  fuBcas 
vel  fiisco-iiignc,  007   -    01  X    006  -   -0085  mm.     Corticola. 

The  spores,  although  seldom  seen  in  the  thecse,  are  oniaeriate. 

The  epithccinni  shows  at  first  as  a  minute  point — £.e.y  nearly 
covei'ed  by  the  thallus — but  ultimately  it  assumes  a  lecanoroid 
habit,  and,  so  fai*,  agrees  ^vith  the  preceding. 

Physcia  endoxantha.     Sp.  nov. 

Thallus  stellatus  adpi*essus,  cinerascens  vel  glauoo-cinezascens, 
hinc  inde  albido-pruinosus  (praisertim  laciniarum  apicibus),  con- 
ferte  et  auguste  laciuiatus,  laciniis  planis  linearibus,  subtos  nigris 
et  nigro-rhizinosis,  iiitus  flavcscons  vel  ochi'aceus  (K  SQfdide  pur- 
puiuscens).     Corticola  ;  sterilia 

Thallus  supra  K  ilavens  et  sparsim  fiavido-soredioBus. 

Ijecanora  punicea  *  accolens. 

Similis   L.    puuicese  (Ach.)   sed   thallo  glaucesoente   vel  vire- 
scenti-glaucescenti^   ct    ambitu    albide    fibrilloso-radiato.      Spors 
(4  -  8)n»,    bacillarcs,    5  -  10  -  septatae,    -045  -  06  x  O04  -  O055 
mm ;  apices  panipliysum  K  fugaciter  violacei  vel  purpurBwenti' 
violacei.     Corticola. 


Phlyctis  polyphora.     Sp.  nov. 

Thallus  albidus,  pallidus  vel  pallide  cinerascens  tenuis,  nonniliK 
pulverulentus  (K  —  C  -  ) ;   apothecia  csesio-albida  pruinosa,  loUa^^ 
data,  oblonga  vol  iiitcrduin  aiiguloso-difformia  (latit.  *4  -  1  '2  mm.)^  ^ 
margine  thallino    prominulo  cincta;   spora;  (3  —  4  —  6  —  8f)Di 
incolores  elongato-fusiformes  vol  oblongo-fusiformes,  (16-32) 
loculares  (loculis  mediis  interdum  hinc  inde  1  —  2— divisis),  06 
•11x0075—0095   mm.;     paraphyses  distinctse;     hypothed^ 
incolor  vel   lutesccns.      lodo   gel.    hym.    non   tincta   nee 
Corticola. 

Th(*.lotreuia  exalbidum.     Sp.  nov. 

Thallus    albidus    vel    pallide    cinerascens    interdum    nouniliiK.-^' 
farinaceus;  apothecia  in  jirominentiis  cxscrtis  (latit.  basi  drdi 
1   mm.)  immcrsa,  pallida,  ostiolis   firmis  rotundis  vel   elli] 
(latit    *2  —  *4   et   etiam    '5   mm.),   epithecio  vulgo   albo-BoffuBO, 
margine  proprio  a  thallino  libero,  fere  integro  et  nonnihil  oonni* 
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Tente;  sporse  8nse  fuscse  et  nigricantes,  obovatee  (f.6.,  uno  apice 
jumtdascalse),  6  -  9  -  loculares  (loculis  mediis  interdum  semel 
divisis),  '045  -  '07  x  '009  —  '013  mm.;  parapbyses  graciles,  dis- 
tinctae,  oonfertae.  lodo  geL  bym.  non  tincta  nee  spone.  CortiGola. 
Arete  affine  Th.  pachysporo  sed  differens  margine  proprio,  sporis, 
reactione  chemicay  &c 

Ascidium  tetrasporum.     Sp.  nov. 

Thallns  pallidus  vel  sordide  virescens,  laevigatus,  nigro-limitatuSy 
interdum  ragulosus  vel  tuberculosus ;  apothecia  in  protuberantiis 
thallinis  hemispluerico-conicis  (latit  1-1*8  mm.)  inclusa,  perithecio 
globoso,  int^pre  nigro  tenui;  sporse  4nse  incolores,  cjlindraoeo- 
oblongse,  ssepe  curvulae,  murali-divisse,  '16  -  '25  x  '24  —  '032  mm.; 
parapbjTses  filiformes,  longBd,  granulis  et  guttulis  oleosis  creberriter 
iiispersse.  lodo  geL  hym.  non  tincta,  protoplasma  tbecarum  vinose 
nibesoens  vel  interdum  vinose  ruben&     Corticola* 

In  eveiy  instance  where  the  thecse  were  entire  4  spores  were 
present. 

lieeidea  inomata.     Sp.  nov. 

Phallus  obscure  cinerascens  vel  cervinus  granulato-areolatus, 
«i«ic  inde  rimulosus,  ambitum  versus  ssepe  concentrice  zonatus  et 
IF'KisLLno-radiatas   (K  fl.   dein   intense   rubens) ;   apothecia  nigra 

vel  plana,  obtuse  marginata  demum  convexula  et 

mmarginata;  sporse  8  nse  in  thecis  saccatis,  oblongo-ellipsoidese, 

1,- septate,  -013 --018  x  -006 -'0075  mm.;   paraphyses 

les  discretse  filiformes  apicibus  fuscis  clavatulis ;  hjrpothecium 

le  foscum.     lodo  geL  hym.  cserulescens  dein  sordida. 

Graphis  colligata.     Sp.  nov. 

us  macula  pallescente  vel  pallido-lutesccnte,  nitidiuscula 

tus;   apothecia  in  prominulis  thalloideis  pallidis  depressis 

in  Glyphide  labyrinthica,  oblongis  vel  nonnihil  irregularibus 

4-20  mm.)  innata,  minuta  conferta,  tortuosa   interdum 

moniliata  vel  constrictiuscula,  primum  thallino-velata  dein 

^pentia  demum  explanata,  disco  fuscescente  concaviusculo  vel 

o  (latit  *08  -  *14  mm.),  margine  thallino  circumscLsso 

dncta ;  sporse  8nse  fuscescentes  oblongse  4  -  loculares,  raro 

^  -  loculares,   018  -  -024   x   '007  -  -009   mm.;    paraphyses 

granuloso-inspersse  ;   hypothecium  incolor.      lodo  geL 

mfescens  vel  non  tincta.     Corticola. 
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Grapbis  intoitola.     Sp.  nov 

Thallus  pallida  cinereo-plumbeus  tenuis  nitidus  (K.  fl.  dein 
iutense  ferrugineo-rubens);  apotbecia  ooncoloria  vel  pallidiora, 
innata,  conf  erta,  elongata  et  valde  tortuosa,  margine  thallino  latia- 
Bculo  prominulo,  (l-3)-striato  cincta,  epithedo  rimifonni;  spoiv 
Snse  incolores,  ellipsoidea;  vel  fusiformi-ellipeoidesB,  4-localareB 
(loculis  mediis  semel  divisis),  *012  —  *014  x  *005  -  0065  mm.; 
parapbyses  distinctse;  bypotbecium  inoolor.  lodo  geL  bym. 
leviter,  interdum  obsolete  cfemlescens.     Oortioola. 

Grapbis  implexula.     Sp.  nov. 

Tballus  macula  pallide  ccrvina  vel  luteo-rufescente,  nitiik 
indicatus;  apotbecia  minutissima  in  maculis  pallidioribus  nonnilul 
farinaceis  congregata,  oblonga,  linearia  vix  ramosula,  obtuBuU, 
epitbecio  rufescente  piano  (latit.  circ.  .05  mm.)  immarginato  aed 
mai^gine  pallido  tballoidco  depresso  cincta;  sporse  Snse  uniseriatae, 
incoloreSy  ellipsoideae  vel  oblongo-ellipsoidesd,  4-loculare8  (vetoste 
fuscescentes),  012  -  014  x  '007  -  '008  mm.;  parapbyaes  distancts^ 
filiformes,  longiusculse;  bypotbccium  incolor.  lodo  geL  hym.  non 
tincta.     Oorticola. 

Grapbis  cirrbata.     Sp.  nov. 

Tballus  sordide  pallescens,  nitidus,  tenuis;  apotheda  oonfiBrta, 
albida  farinacea,  innata,  linearia,  tortuosa,  epitbecio  rimiibimi  et 
prominule  tballino-marginato;  sponc  (4  -  8)  nse  incolores  dein  fos- 
cescentes,  5-8-loculare8  (loculis  pnesertim  mediis  semely  rarios  bis 
divisis),  ellipsoideee  vel  oblongo-ellipsoidese,  *02  -  027  x  Oil  -  013 
mm.;  parapbyses  distinctse  graciles,  filiformes  in  gelatina  firms 
involuta;;  bypotbecium  incolor  vel  lutescens.  lodo  geL  hym.  non 
tincta,  spone  leviter  infuscata?.     Oorticola. 

Grapbis  firmula.     Sp.  nov. 

Tballus  pallescens  vel  pallide  lut  escens,  Isevigatus  finnus  deterx^ 
minatus ;  apotbecia  innata  primum  fere  ooclusa,  demum 
oblonga  floxuosa  et    ramosa,    stepe  radiatim  disposita,  epitbecioc^ 
primum  coarctato  dein  canaliculato  vel  planiusculo  (et  tunc  Istii 
*2  mm.)  albido-pruinoso,  margino  tballino  prominule^ 
nonnibil  irregulari,  peritbecio  fusco  vel  fusco-nigno  tenui  lateiali;^ 
sporie  8  nse  fuscse  oblongse,  5  -  8-loculares  (loculis  mediis  scpe  semd 
divisis),    '022  -  032  x  O07  -  01    mm. ;    parapbyses    irregnlareB; 
bypotbecium  incolor.     lodo  gel.  bym.  non  tincta^     Oortioola. 
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OraphiB  extnua.     Sp.  hot. 

Tballus  macula  pallesoente,  pallide  lutescentey  interdum  pallide 

luteo-virescente   nitida   indicatus ;    apotbecia   exserta,   elongata, 

-tortaoea  et  lamosa,  obtosa,  epitbecio  fusco  planiusculo  vix  mar- 

^^nato  (latit  "2  —  '3  mnL),  peritbecio  integro  tenui  fusoescente 

Jiinc  inde  yul   vkibiH;    spone    Subs    fuscescentes    oblongse   yel 

j^ionnibil  oboTate,  8  -  loculares,  rarissime  7  -  loculares,   027  — 

'K)38  X  009  -  013  mm.;  parapbyses  distinctse  firmse  rectse  apicibuB 

^rufescentes,  mBpersulse ;  bypotbedum  rofesoens  tenue.     lodo  gel. 

'M^TOL  non  tincta^  sporse  infuscatse.     Corticola. 

The  apotbecia  are  situated  on  raised  tballine  lines  sucb  as  in 
^3iapbi8  exserta  (NyL).    It  seems  allied  to  Gr.  Lyellii  (Sm.). 

Chrapbis  extrusula.     Sp.  nor. 

Similis  pneoedeati  sed  sporis  5  —  6  -  locularibus  et  018  — 
X  006-0075  mm.      Epitbecium  angustius  (latit   '15-*25 

.6  differences  indicated  are  constant  and  no  intermediate 

have  been  detected.     Tbe  peritbecium  is  thinner,  and  at 

scarcely  perceptible  as  a  thin  rufescent  line;   while  the 

of  the  parapbyses  are  nearly  colourless;  and  the  hypotbecium 

tinted.    Oorticda. 

Graphis  spilota.     Sp.  nov. 

us  albidus  Tel  pallescens  tenuis  nonnihil  farinaceus  (K 

deui  rubens) ;   apotbecia  minuta,  innata,  fusco-rufa  vel 

nigra  ooneayiuscula  vel  planiuscula  immarginata  (latit.  *15  - 

^Mnm.)y  rotundata,  oblonga  vel  elongata  et  tortuosa  et  tunc 

monilifonni-junctay    rarius    ramosula;    tbecse  monosporse, 

incolores  vel  lutescentes,  oblongo-ellipsoidese,  murali-divis8e, 

-  '13  X  028  —  034  mm.;  parapbyses  gracillimae  in  gelatina 

inv<date;    hypotbecium  inoolor  vel  fere   inoolor.      lodO" 

Iiym.  leviter  vel  obsolete  cserulescens.     Thec»  artbonioidesB. 


nndoni  the  parapbyses  distinct  as  very  fine  threads,  such  as 
in  one  or  two  of  the  Glyphides. 

Oraphis  discoides.     Sp.  nov. 

^^^tuJloB  albas  vel  albidus  tenuis  farinaceus  (K  -  0  - ) ;  apotbecia 
rotimdata  vel  nonnihil  oblonga  fuscula  vel  fere  incoloria 
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cfle&io-pruinosay  planiusciila  (latit.  circiter  '4  mm.),  margine  ihallino 
prominulo  rugosulo  cincta ;  thecse  2  -  spone  interdum  monoBporsp, 
sporse  incolores  vel  leviter  lutescentes,  ellipsoideae  murali-divisae, 
*03  -  '04  X  01  -  018  mm.;  majores,  *054  X  *022  mm.;  paraphjses 
breves  crassiusculsBy  conglutinatfe  sed  distinctas;  hypothedom 
incolor  vel  leviter  lutescens.  lodo  gel  hym.  non  tmcta^  proto- 
plasma  thecanim  mfescens  vel  vix  tinctum.     Cortioola. 

Arthonia  collectiva.     Sp.  uov. 

Thallus  obscure  cinerascens  tenuis  continuus  determinatus ; 
apothecia  nigra  vel  fusco-nigra  prominula,  oonvexa  et  immaginata, 
nigosula,  mediocria  (latit.  circ.  *4  mm.),  rotundata,  oblonga  vel 
irregularia,  ssopo  aggregata,  intus  pallide  fuscescentia  (K  —  )  ;  spone 
(4-6-8?)nai  nigrescentes,  ellipsoideae,  medio  oonstrictse,  1- 
septatse,  *015  -  '02  x  '008  -  *01  mm.;  parapbyses  non  distinctae, 
opithecium  fuscum  conglutinatum ;  bypothecium  inoolor.  lodo 
gel.  bym.  non  tincta  vel  interdum  leviter  rufesoena     Cortioolft. 

Artbonia  translucens.     Sp.  nov. 

Tballus  pallidus  tenuis;  apotbecia  rotunda  prominula  (pnieaer- 
tim  madefacta)  pallescentia  vel  lutescentia,  pellucida,  oonvexa^  in- 
t<^rdum  tballino-marginata,  intus  incoloria;  sporae  Snae  inoolom 
obovatae  (i.e.,  uno  apice  acutiusculsD),  5  -loculares  vel  4  -septate 
(loculo  superiore  admodum  ampliore),  raro  4 -loculares,  "017- 
*22  X  '0065  -  '009  mm.  lodo  gel.  bym.  vinose  violaoea  (prsesertim  ea 
tbocarum  vocuarum),  praecedente  caerulescentia  obsoleta  vel  ntill^ 
-Corticola. 

Artbonia  arctata.     Sp.  nov. 

Tballus  macula  pallida  vel  sordide  pallida  indicatus;  apothecia 
nigra  rotunda  innata  plana  depressa  tenuia  (latit  *2— *35  mm.) 
intus  sordide  pallida ;  spone  (6  -  8)  nae  incolores  dein  fusoesoentes 
oblongsQ  sed  medio  angustiores  et  uno  apice  latiores,  4  —  6  -  loco- 
lares  (loculis  mediis  angustis,  apicalibus  multo  amplioribua),  "022 
-  '03  X  '0085  -  'Oil  mm. ;  parapbyses  nullae ;  hypotheciiun  oon- 
color.  lodo  gel.  bym.  non  tincta  vel  passim  obsolete  C8eraleBoen& 
Corticola. 

Tbe  spores  arc  somewbat  dumb-bell  sbaped,  with,  however,  one 
extremity  more  expanded  tban  the  other. 
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Aiihonia  nemoralis.     Sp.  nov. 

Thallus  pallidus  tenuissimus  nigro-limitatus ;  apothecia  nigra 
vel  foBOD-nigra  innata,  rotundata  vel  oblonga  vel  nonnihil  difformia 
depressa  (latit  *5  -  2  mm.),  intos  obscura  vel  obscure  fuscescentia ; 
sporse  8nffi  in  thecis  oblongo-sphseroideis,  oblongie,  ssepissime  cur- 
vxdae,  nigrescentes,  medio  muralidivisse  locnlis  apicalibus  (supe- 
noribus  et  inferioribus)  amplis  simplicibus — i,e,^  non  muralidivisis, 
•04  -  06  X  015  -  02  mm. ;  hypothecium  concolor.  lodo  gel  bym. 
▼inose  rabens.     Corticola. 

Affinis  A,  heeeckU  (NyL)  sed  distincta. 

The  terminal  spaces  in  the  mature  spore  are  quite  uniform  and 
not  muriform;  but  occasionally  their  contents,  in  the  older  spores, 
are  partially  broken  up  into  largish  globules,  although  not  muriform. 

Glyphis  maculosa.     Sp.  nov. 

Thallus  macula  pallide  olivacea  indeterminata  indicatus ; 
apothecia  in  stromatibus  albis  (K.  flaventibus)  vel  albidis 
depressis  rotundato-difformibus  (longit.  ssepe  9  mm.)  insidentia, 
nigra  oonferta,  minuta,  rotunda  vel  oblonga  et  plerumque 
seriatim  disposita,  epithecio  concaviusciilo,  intus  obscura;  sporaB 
8nae  incolores  dein  fuscescentes  oblongse,  4  -  6  -  loculares,  02  - 
•028  X  O065  -  O065  -  O085  mm. ;  paraphyses  graciles  non  bene 
discrete,  confertim  granuloso-inspersse ;  hypothecium  fuscum  vel 
fusco-nigrum.  lodo  gel.  hym.  non  tincta  nisi  lutescens,  sporse  vix 
vel  leviter  obscuratse.     Corticola. 

Arete  afi&nis  01,  lahyrintkicce  sed  apothecia  segregata  et  stroma 
album,  ubique  perspicuum. 

Glyphis  duriuscula.     Sp.  nov. 

Thallus  macula  pallido-flavescente  nitida  indicatus;  apothecia 
in  stromatibus  prominulis  nigris  corbonaceis  duriusculis,  supra 
hinc  inde  c»edo-pruinosis  oblongis  vel  difformibus  (latit.  2-6  mm.) 
sdtay  oonferta,  linearia,  flexuosa  tenuia  (latit.  circ.  '1  mm.),  acute 
marginata,  epithecio  depresso  rimiformi;  sporse  8n£e  in  thecis 
aaocatis^  incolores  oblongo-ellipsoidese  vel  ssepius  obovatse  et  uno 
apice  acntiusculie,  iodo  cserulescentes,  6  -  10  -  loculares,  026  - 
045  X  O07  —  01  mm. ;  paraphyses  filiformes  in  gelatina  fiima 
percurrenteB  apicibus  incoloribus  clavatulis ;  hypothecium  nigrum. 
Iodo  get  hym.  non  tincta.     Corticola. 
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The  paraph  jses  appear  as  tabes,  but  when  SL  is  added  they  are 
revealed  as  distinct  filiform  threads.  This  should  be  separated 
from  all  forms  of  Gh  eiccUricoset,  &c. 

Chiodecton  punctulatum.     Sp.  nov. 

Thallns  cinerascenti-fuscos  vel  Itiridas  minute  gnumlosoSy 
madefactns  punctis  perminntis  (sub  lente  yisis)  albis  cfrebemme 
adspersns;  apothecia  (3-16)  in  vermcis  thallinis  albidis  pio- 
minentibus  parvulis  immersa,  nigra  minnta  (latit.  dreiter  08 
mm.)  ;  sporse  (4  -  8)nse  incolores  obtuse  bacillares,  3  -  7  -  septstsB^ 
-03  —  *05  X  004  -  *005  mm. ;  paraphjses  irr^olaies  sed  distincte ; 
hypothedum  foscom.  lodo  gel  hym.  obsolete  caeralescens  dein 
vinose  rabescens  vel  etiam  vinose  rabens.     Gortioola. 

Verrucaria  anoptella.     Sp.  nov. 

Thallus  pallide  flavescens  vel  pallide  dnereo-flsTesoens  tenmB- 
aimns;  apothecia  in  yerrucis  thallinis  prominnHs  magms  (htii 
basi  drciter  1*5  mm.)  inclusa  et  onmino  obteeta^  ostu^o  fan 
demum  aperto,  perithedo  integre  nigro  vel  fosoo-nigro  tenmasBok^ 
globoso  ;  spor»  Sme  in  thecis  oblongis  (longit  usque  ad  *45  mm.) 
parietibus  crassis  hyalinis,  incolores  oblong»  Tel  saepius  obtoBe 
fusiformes  et  crescenticae  murali-diyissB,  '13 -'18  x  028 -'0$^ 
mm.;  paraphyses  longse  gracillimse,  grannlis  et  gottalis  6kiaAm 
creberriter  inspersse.  lodo  protoplasma  thecaram  ssepe 
fulvescens.     Corticola* 

The  spores  appear  bilocnlar  as  well  as  marali-locolar,  and 
easily  break  across  in  the  middle. 

Allied  to  V,  Thvoaitesii  (Leight.),  but  the  apothecia  are  entiJ 
covered  by  the  thallus,  and  there  are  no  indications  of  septa,  itc^ 

Verrucaria  Assamiensis.     Sp.  nov. 

Thallus  macula  pallescente  vel  hinc  inde  pallide  viresoente 
catus ;  apothecia  nigra  prominula  obtuse  conica  (latitb  bosi  *5 ' 
mm.)  perithecio  integre  nigro,  crasso  carbonaceo;  spone  4  ms  i 
dum  (2  -  3)n8e  fuscse,  elongato-ellipsoidese  vel  fusiformi-eUij 
murali-diyis8B  et  insuper  5-  9  — septatse,  065-095  x  03^- 
mm.;  paraphyses  confertaelongsegracillimss.     lodo  gel  hym. 
rubescens  vel  vinose  ruben& 

Ad  corticem  These. 


Db.  Jambb  SruxtBr  m  Vegetable  Frnnmin  am  Tea  PUmL  191 

Tlie  ftpotheoA  are  aeen  oecasknuJly  to  be  nesdj  oonflnent — iLe., 
the  black  perithecm  bkndiiig  into  one  aootiier — but  not  in  audi  a 
manner  as  in  TrypethelinnL 

This  lichen  seems  allied  to  F.  Borbonica  (NyL). 

Yermcaria  anoiasta.     Sp.  noy. 

Thalliig  pallidas  vel  livido-paliidns  Tinnnihil  farinaoens  tenuis ; 
apotheda  nigra  junominnla  pcimom  thallinivvelata  dein  fere  nuda 
(latil  cbc  '4  mm.),  perithedo  globose  ineorvo,  £ere  integie  nigro ; 
^one  in  tbeds  obl<mgia  (parietLbos  crassolia  h jalims)  8  ne  inoolorea 
ftllipanideiR  vel  oMongo-eliipeoideg,  murali-dmse,  iodo  cerulee 
tinctae  vel  caemleo-infuscaie,  *0i~*055  x  -016 -*02  mm.;  para- 
phjsea  gnudles  distincte  moUinsculae.  Iodo  prato|dasma  thecarom 
vinoee  ralAesoens.     Corticola. 

Yermcaria  pnstnlosa.     Sp.  nov. 

Thalhis  allios  vel  albidns    nonnihil  £arinaceas  tentdssmms ; 

apotheda  hemisphaerica,  dimidiatim  nigra  prominnla  mediocria 

(latitw  *2  —  *3  mm.) ;  spons  8n»  inoolores  oblongo-fusiformes  (uno 

Apioe  acntioresX  6  -  locolares  interdum  4  -  7  -  locolares  (locnlis 

subquadratis  et  mediis  interdum  semel  divisis),  *015  -  021  X  *0045 

—  '006  mm.;  paraphyses  parcse  distinctse  granuloso-inspersae.     Iodo 

SpG^  hym.  non  tincta,  protoplasma  thecarum  rubescena     Corticola. 

Yermcaria  introducta.     Sp.  nov. 

-S^^aUmr  macula  nitida,  Intescente  vel  virescenti-lutescente  indi- 
;  apothecia  nigra  nitida  prominnla  nuda  vel  basi  vix  thallino- 
perkbedo  integre  nigro  crasso  globoso  (latit  '5  -  *8  mm.) ; 
8  me  inoolores  ddn  fasc»  ellipsoideie^  4  -  loculares  et  insuper 
ime  3— septate,  loculis  obtuse  quadrangulis,  -038 -*05  x 
—  -018  mm.;  paraphyses  longse  filiformes  granuloso-inspersse. 
^eL  hym.  non  tincta.     Corticola. 

identify  this  lichen  with  either  V,  suhducta  var.  retracta 
)  or  Y.  tnarginata  var.  conveooa  (NyL). 

Yermcaria  immissa.     Sp.  nov. 

lundo^-luteacens  vel  pallide  folveacens  nitidus  tenuis; 
in  prot«berantiis  thallinis  supra  fuacis  vel  fusco-nigris 
LO  immersa,  perithedo  fusco-nigro  vel  tantum  fusoo,  infra 
^^^^^usculo  dimidiato ;  spon^  Bam  fuscescentos  vel  fusee  oblongo- 
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ellipsoidese,  4  -  loculares,  *03  -  042  x  013  -  *017  mm.;  paraphjaes 
cliMtinctcc  filiformes  longte  crebenime  granuloso-iiuiperBse.  lodo 
gel.  hym.  non  tincta.     Corticola. 

Vcri-ucaria  nodulata.     Sp.  nov. 

Thallus  flavescciLs  vel  viresoenti-flayescens,  tenuis,  nitidus; 
ai)othecia  nigra  prominula  basi  obtecta,  supra  nuda  (latiL  cira 
-4  mm.),  perithecio  dimidiatim  nigro;  sporse  Sne  inoolores  dein 
fuscse,  ellipsoideff),  utroque  apice  apiculatae  vel  papillulatfe, 
4  -  loculares  (loculis  spIiBericis  et  mediis  multo  majoribus), 
02~  027  X '01 -014  mm.;  paraph jses  filiformes  longae  granu- 
loso-inspersse.     lodo.  gel  hym.  non  tincta.     Corticola. 

Seems  allied  to  V,  approximaru  (Krph.),  but  there  are  important 
differences, 

Yerrucaria  scutata.     Sp.  nov. 

Thallus  pallide  lutescens  vel  lutescens  Isevigatus  tenuiaaimus; 
apothccia  nigra,  supra  nuda  parum  prominula  (latit.  '3—  *6  mm.), 
perithecio  duplici,  exteriore  late  dispanso  et  depresso,  interiore 
globoso  integrc  nigro  tenui;  sporse  Snse  fuscse  3  -  septatse,  aiepe  4  - 
nucleatse^intcrdum  solum  3-septata>,  014  —  018  x  O05  -  *0065  mm. ; 
paraphyses  graciles  non  conferta?.     Corticola 

Yerrucaria  concamerata.     Sp.  nov. 

Thalliis  pallescens  vix  ullus  visibilis;  apothecia  nigra  mediocria 
(latit.  circ.  '4mm.),  perithecio  duplici,  exteriore  expanse  et  de- 
presso,  interiore  nigro  globoso  tenui,  integro  vel  fere  integro; 
sporse  8n«>  incolores  oblongo-fusiformes  medio  nonnihil  conatricte, 
l-scptatse,  018- O24x.086- O02  nmi.;  paraphyses  distincte 
filiformes  ramosa^  et  interdum  intricate  contextoe.  lodo  gel.  hym. 
rubescens  praesertim  thecal.     Corticola. 

Affinis  V.  insidatce  (F6e). 

Yerrucaria  (Endococcus  ?)  deportata.     Sp.  nov. 

Thallus  macula  pallida  tenui  indicatus ;  apothecia  nigra  promin- 
ula nitida  nuda  parva  (latit.  '12- '2  mm.),  ostiolo  umbilicato- 
depresso,  |)erithccio  integro ;  spone  8n8e  uniseriatse  fusc»  breviter 
oblongje  1  -  septatw,  O05  -  O08  x  O035  -  O045  mmu;  paraphyses 
nullie.     lodo  gel.  hym.  non  tincta.    Corticola. 

There  is  abundance  of  thecee  containing  fuscous  spores. 
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Trypetheliam  indutam.     Sp.  nov. 

Tliftlhis  pallide  lateaoens  bevigatus  oontinuiis  tenuis  determina- 
tos;  apotheda  (1—5  Tel  plora)  in  stromatibuB  nigricantibnSy 
primnm  a  ihallo  obtecds  dein  erompentibns,  prominulis  immersa, 
periihecio  tenni  int^pre  nigra,  pleromque  ampnllaceo,  ostiolo 
minuto  piinctifonni  pallido  vel  pallide  fusoescente;  qK>ne  8njB 
inoolores  oblcmgo-fnsifonnes  ^ooe  acutiuscabe  vel  nonnihil  attenu- 
atie,  (12  — 18)-localare8,  loculis  mediis  interdom  semel  divisis, 
-07 — *1 1  X  015  —  018  mm. ;  paraphjses  graciles  filiformesdistinctn. 
lodo  protoplasma  thecarom  interdum  fulvesoens.     Cortioola. 

Trypetheliam  assimile.     Sp.  nor. 

Simile  Tr.  SprtngdU  (AcL)  sed  ihallus  pallide  et  sordide 
violaoeos  K.  prupnraqcens.  Spore  8ns  inoolores  fosifonnea 
(8—  14)-localares,  034  -  048  x  008-01  mm.     Cortieok. 

Trypethelium  eelatom.     Sp.  nor. 

Tlialliis  pallide  flaTescens  vel  pallide  viresoenti-flayescens  bevi- 
gatos,  crassiiiBcalas  (crassit,  circ  *15  mm.);  apothecia  2— 6  in 
stromatibus  nigris  in  ihallo  onmino  immersis  insidentia  et  primnm 
ab  epithallo  velata,  demom,  quoad  oetiola  nigra  punctiformia 
planiuscula,  emmpentia;  sporsB  8n»  inoolores  oblongso  4  — locu- 
laresy  017  — 023  x -007  — O085  mm.;  paraphjses  crassiuscul» 
distincte  parce.  lodo  protoplasma  thecarom  pnesertim  juniorum 
vinoee  rubescens,  cseteroquin  geL  hjm.  non  tincta.     Corticola. 

Affine,  nt  videtur,  Tr.  erumpenti  (F6e). 

Melanoiheca  coactella.     Sp.  nov. 

Thallus  macula  pallide  cinerascente  effusa  indicatus;  apothecia 
verrucarioidea  nigra  arete  (2  —  7)  -  aggregata,  minuta  (latit.  vix 
-1  mm.);  glomerulos  trjpethelioideos  nigros  parvulos  (latit.  circ. 
-4  mm.),  rotundatOs  vulgo  formantia,  perithecio  dimidiatim  nigro, 
spore  8ne  inoolores  vetuste  fuscescentes,  fusiformi-oblongse  medio 
nonnihil  oonstricte,  1  -  septate,  015  -  021  x  O045  -  O06  mm.; 
paraphjses  nuUe.  lodo  geL  hjm.  non  tincta,  protoplasma  the- 
carum  rubesoens.     Corticola. 

.  The  apothecia  are  occasionallj  seen  solitarj,  although  even  then 
there  are  indications  .of  the  presence  of  a  general  stroma. 
Vol.  XIIL— No.  1.  n 
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XIX. — On  the  Genus  Alveolites^  Ampbxus,  and  JSapkreniU$t  fi  <*» 
the  Carboniferous  System  of  Scotland.  By  Jaus  Thomb^voi^ 
F.G.8.,  Corresponding  Member  of  the  Royal  Sooiefcy  of 
Science  of  li^,  and  Honorary  Member  of  the  Royal 
Society  of  Jena. 


[Read  before  the  Society  on  27th  April,  1881.] 


Towards  the  end  of  187G  I  read  a  short  communication 
the  G^logical  Society  of  Glasgow,  entitled  "  Notes  on  the 
Alveolites,"  and  stated  that^  from  the  examination  of  a  huge 
of  specimens  from  all  parts  of  the  country,  I  felt  persuaded 
in  the  carboniferous  rocks  of  Scotland  we  not  only  had  represcL-^^ 
the  two  species  Alveolites  septosa  and  Alv,  depressa^  Milne-] 
and  Haime,  as  described  in  their  admirable  memou*  to  the 
tological  Society,    1850,  but  during  my  investigations  had 
covered  an  intermediate  form,  which  agrees  with  the  descriptC-—'^''''' 
of  Alveolites  capillaris  of  Prof.  Phillips  in  his  Goology  of  ^* 
shire,''   1836.      Although  the  description  given  by  Philli] 
meagre,  yet  M.  Edwards  and  J.  Haime  refer  to  it^  and  r^^ar^^  ^ 
as  an  intermediate  variety  between  Alv>  septosa  and  Ah,  depn^^^ 
But  I  have  to  record  another  variety,  which  differs  widely  fkr**^ 
those  forms,  and  appears  to  be  altogether  new. 

The  difficulties  that  present  themselves  in  the  proper  identifi^^si^ 
tion  of  this  and  allied  groups  have  long  deterred  me  from  reoar&i^ 
the  results  of  my  investigations,  and  to  trace  within  the  limits  ^ 
the  present  communication   the  different  opinions  recorded    fy 
former  authors  is  more  than  my  time  will  permit     The  results  of 
these  investigations  have  been  so  ably  summarised  by  Milne* 
Edwards  and  J.  Haime  in  their  memoir,  that  it  renders  it  undesu*- 
abla     Indeed,  did  my  limits  admit,   it  would  be  difficult  and 
perplexing,  as  it  is  more  or  less  certain  that  several  authors,  while 
describing  the  structural  details  that  guided  them  in  their  idfltt* 
tification,  have,  however,  described  portions  of  the  same  coral  ondMr 
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dififarent  names.*  To  prove  dukt  siidi  does  ezisty  we  have  only  to 
examine  tbe  specimeiis  in  many  of  our  muaeoma  iTea,  evM 
genera  that  have  leoently  been  founded  can  be  shown  to  have 
baiely  even  specific  vahia  This  resolt  has  evidently  'aiisen  from 
varied  causes.  First,  such  may  have  ansen  from  determining  both 
genema  and  qpeotee  from  the  examination  of  external  aqieetSi  which 
doubtless  is  the  cause  of  a  great  deal  of  confusion,  as  the  ezternai 
aspects  of  all  species  varies — a  result  broughi  alMut  by  the  i^ytitode 
of  the  polype  to  ada|>t  its^  to  external  conditicns ;  and  aaother 
source  of  confiision  arises  from  describing  species  from  aberrant 
forms  and  single  examples.  It  is  well  known  that  fossil  ocwab 
oannot  be  satisfiMstorily  determined  unless  there  is  an  eztouave 
aeries  to  select  from.  And  no  better  exiample  could  be  given  than 
the  varieties  that  are  present  in  the  group  under  considerati<m. 
If  the  specimen  selected  for  description  represents  the  superior 
portion  of  a  mass,  it  will  be  apparent  that  tiie  form  of  the  oaliees 
has  been  regulated  by  thdr  surroundings.  In  their  normal  form 
they  are  cylindrical  and  spherical ;  but  in  compound  masses  they 
are  more  or  less  affected  by  the  lateral  pressure  of  the  neighbouring 
eorallites  and  the  mode  of  reproduction,  and  are  usually  found  more 
<r  lees  prismatic  in  oixtline,  and  varying  in  proportion  to  their 
serronn^Kng  conditions. 

I^  however,  the  selected  i^>eoimen  is  from  the  lateral  margin  of 
the  mass,  the  corallites  may  be  cylindrical  and  spherical  at  their 
free  ends;  or  they  may  be  laterally  pressed  on  the  one  side,  and 
eitiiflequently  semioiroular;  or  they  may  be  crushed  on  three  sides, 
^nd  rendered  more  or  less  triangular;  or  there  may  be  greater 


*  M.  Edwards  and  J.  Haime's  Monograph  of   British  Fossil  Corals, 
Mspontokgical  Society,  1850,  gives  the  following  list  of  authors  that 
deecribed  forma  which  they  believe  could  only  be  referred  to  the  gemis 


Fleming,  Brit.  Anim.,  page  529.     1828. 
,,  „     — S.  Woodward,  Syn.  Tables  of  Brit.  Organic  Remains, 

psge  5.    1830. 
yy  „     — Phillips,  Geology  of  Yorkshire,  2  parts,  page  200,  Part 

II.,  figs.  6,  7,  8.     1836. 
„  „     — MH>>y,  Syn.  of  the  Garb.  Foss.  of  Ireland,  page  192.    1844. 

Olirtrfei  s^ptofas  — Keyserling,  Raise  in  Petschora-land,  page  183.    1846. 
„  ,9     — M<Coy,  Brit.  PalsDoz.  Fossils,  page  82.    1851. 


AhmlUtM  mpkftar-U.  Edwarda  and  J.  Haime,  Pal.  Foss.  des  Terr.  Palcoa., 

page  259.    1851. 
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pressure  on  two  of  the  sides,  and  consequently  elongated  laterally; 
and  may  thus  be  produced  triangular,  pentagonal,  hexagonal,  and 
heptagonaL  Amidst  the  specimens  that  are  lying  before  me  all 
those  conditions  are  present — indeed,  in  one  variety  nearly  all  the 
different  forms  present  themselves. 

There  is,  however,  another  cause,  which  cannot  be  overlooked — -. 
viz.,  the  constant  and  persistent  tendency  to  modification,  not  only 
in  this  group,  but  also  in  all  the  groups  of  coralline  remains  from 
the  carboniferous  system.  Indeed,  the  modifications  are  so  slight 
in  all  that,  unless  there  is  a  very  extensive  suite  of  specimens  to 
examine,  it  is  hazardous  to  express  an  opinion. 

In  the  communication  referred  to  above  I  stated  that^  from  the 
examination  of  a  large  series  of  specimens,  I  was  convinced  ^that 
the  teeth-like  projections  seen  in  many  of  the  ooralliteSy  and 
referred  to  by  M.  Edwards  and  J.  Haime  as  belonging  to  the  aeptal 
system,  were  in  no  way  related  to  the  septa;  and  I  gave  a  brief. 
description  of  Alveolites  septom,  Alv.  depreeea  (K  and  EL),  Jiln.- 
eofpUlcvrie  (Phillips),  and  Alv.  EtheridgU  (Thomson),  and  obeeryed 
that  in  well-preserved  specimens  of  all  the  species  these  teeth-like 
processes  are  well  exposed.     And  from  the  examination  of  both 
transverse  and  longitudinal  sections,  I  felt  the  desirability  of  some 
other  explanation  than  that  these  processes  were  related  to  the 
septa.    That  they  do  not  belong  to  the  septa  was  suggested  from 
the  fact  that  these  processes  can  be  traced  from  minute  points  to 
projections  in  every  stage  of  development,  passing  through  the 
calix,  and  becoming  united  to  the  opposite  wall.     This  opinion  is 
further  corroborated  by  observing  in  longitudinal  sections  the  eat- 
ends  of  the  young  corallites,  which  are  seen  springing  from  the 
wall,  and  resting  upon  the  superior  face  of  the  tabida  of  the  parent 

« 

corallite;  and  that  their  growth  and  increase  give  rise  to  the 
curved  and  deflected  aspect  of  the  corallites  so  frequently  seen,  in' 
all  the  specimens  that  have  come  under  my  observation. 

From  the  obscure  nature  of  the  details  upon  which  several,  authors. 
rested  their  definitions  of  both  generic  and  specific  distinction, 
I  subsequently  felt  the  desirability  of  not  publishing  that  com- 
munication until  I  had  procured  additiooal  evidence,  and  had  had 
additional  sections  prepared — a  course  which  I  have  the  greatest 
pleasure  in  having  adopted,  as  the  results  have  been  most  aatiisfao- 
tory.  This  was  further  suggested  by  the  discovery  of  a  weati^ered 
specimen  in  the  rotten  limestone  in  Cunningham  Bedland,  nesh 
Dairy,  Ayrshire.     Upon  this  specimen  we  have  not  only  e:qKMed 
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ike  moral  pores,  but,  in  several  parts  of  the  corallum,  patches  of 
:the  mass  have  been  arrested  in  the  upward  growth  by  being 
<x>veted  by  impure  sedimentary  matter.     Here  ami  there,  however, 
there  Iq  exposed  small  groups  of  oorallites  that  have  not  been  so 
disturbed,  and  consequently  they  have  outgrown  the  surrounding 
forms;  and  we  have  thus  not  only  the  mural  pores  exposed  along 
the  lateral  faces  of  the  corallites,  but  also,  these  patches  not  being 
affected  by  lateral  pressure,  their  normal  spherical  form  is  pre- 
served.    From  suggestions  so  important  I  felt  the  desirability  of 
•lurthef  delay.    I  therefore  again  visited  all  the  localities  throughout 
the  country,  and  collected  all  the  evidence  procurable,  and  found 
in   Charleston  lime   Quarry,   Fifeshire,  examples  of  AlveoUUa 
-deprusa^  Edwards  and  Haime  {Choetetea  hyperhoreua^  Nicholson 
and  Etheridge) — several  specimens  that  had  been  long  exposed 
•to  the  atmosphere,  from  which  all  the  shale  had  been  weathered 
o£^  thereby  exposing  the  mural  pores  in  the  most  perfect  condition. 
Bince  then  I  have  exposed  to  the  weathering  influence  of  the 
atmosphere,  on  the  window  sills  of  my  house,  a  great  number  of 
spedmens,  and  have  by  those  means  weathered  a  large  series  of 
sections,  upon  which  the  mural  pores  are  abundantly  exposed,  and 
have  made  sections  of  a  large  series  of  specimens.  *    With  evidence 
of  such  a  satis&ctory  nature,  I  feel  justified  in  placing  the  results 
-of  my  investigations  before  the  Society.     Before  I  had  accom- 
plished my  intentions,  Professor  H.  Nicholson  and  Mr.  Bobt. 
Etheridge,  Jun.,  in  a  communication  to  the  Idnnean  Society, 
May  3rd,  1877,  entitled  "  Notes  on  Alveolites^  Lamarck,  and  on 
«8ome  allied  Forms  of  Palseozoic  Corals,"  state  that  the  teeth-like 
Ixxlies  exposed  in  many  of  the  calices  have  really  no  relation 
to  the  septal  system.      They  also  delete   the   two   spedies   of 
AkfeoUies  described  by  M.  Edwards  and    J.    Haime  from  the 
iist  of  the  carboniferous  feuna,  and  place  them  in  the  genus 
ChoBieies,    This  decision  they  arrived  at  from  the  non-discovery 
•of  mural  pores,  and  the  absence  of  oblique  calices  in  Ah.  sepiasus 
.and  AUf.  dspressus,  Fleming,  an  alteration  which  will  by-and-by 

*  In  the  prepaiation  of  a  number  of  gigantic  sections  I  have  to  acknow- 

.ledge  my  indebtedness  to  Bailie  James  Blackwood,  mannfactorer,  Kilmar* 

nocky-iHio  most  kindly  fitted  up  cutting  machinery  in  connection  with  the 

steam  power  of  his  mills,  and  cut  and  prepared  for  me  a  considerable  series 

-of  the  larger  specimens,  thereby  enabling  me  to  examine  the  transitions 

that  ptesenl  themselves  in  the  larger  specimens  of  the  series.    To  him  I 

icfler  nqr  ooidiai  thanks  for  his  invaluable  assistance. 
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be  aeoQ  to  be  groondleiB  and  premataie;  and  I  believe 
their  conduiions  have  been  arrived  at  from  imperfect  data, 
order  that  this  may  be  better  understood,  I  will  give  the 

description  of  Lamarck,  and  also  of  M.  Edwards  and  J.  "H"^^-^  ^e, 

and  briefly  refer  to   the   reasons   assigned   by  these  ezeell^^H^t 
observers  for  their  determination. 

The  genus  Alveolites  was  founded  by  Lamarck  in  the  fijK — =st 
edition  of  the  '*  Systeme  des  Animaux  sans  Yert^bres  "  Qmliliiils  ^— fiF 
in  1801),  p.  375,  for  the  reception  of  a  Devonian  spedea^  wli  i  ^irh 
be  described  under  the  name  of  AheolUee  euborbieulainM, 
original  definition  is  ''  Polypary  stony,  thick,  globular,  or  heno: 


pherical,  formed  of  numerous  concentric  layers,  which  are  Bape==^^ 
imposed  one  upon  the  other,  each  layer  formed  by  the  uuI^m  na 
of  alveolar,  subtabulai*,  prismatic  contiguous  cellules  [or  tutM.  '-^] 
forming  a  network  on  the  surfcice."  He  subsequently,  iu  181^  ^» 
in  the  ''Hist  Nat.  des  Anim.  sans  Yert6b.,"  added . encmsti^^Bj^ 
forma  In  tlie  second  edition  of  Lamarck's  *^  Hist.  Nat  ^^Ke^ 
Anim.  sans  Yertebres"  (published  in  1836),  that  portion 
to  the  corals  was  revised  by  Milne-Edwards,  and  the 
AlveolUes  was  described  an  follows  (YoL  iL,  p.  285)  : — **  Oorall 
stony,  sometimes  enciiisting,  sometimes  free  and  massive,  fomemj^ 
of  numerous  layers  which  are  concentrically  superimposed  af^"^^ 
one  another,  each  layer  composed  of  tabular,  alveolar,  pifsnx^*^ 
cellules,  which  ai'e  somewhat  short,  and  form  a  network  on 
surfoce." 

In  the  Transctctiwis  of  the  Palseontological  Society «  ISSO* 
60,  Milne-Edwards  and  J.  Haime  place  the  genus  AlveolitoM 
the  group  of  the  Favoeitidw,  characterised  by  the  presence  of  mti 
pores  and  the  rudimentary  condition  of  the  septa. 

In  the  *'  Historic  Natui*elle  des  Coralliaries''  (Yol.  iiL,  p.  26 
I860,  M.  Edwards  remarks — "The  most  striking  character 
Alveolites  is  the  septal  system,  which  is  represented  by  three 
or  vertical  projections — one  situated  on  the  inside  face  of 
outer  Up  of  the  calice,  the  others  opposite  the  pr^oeding,  apo^^ 
the  inner  lip  of  the  corallite8,  and  sometimes  rudimentaiy,    Ih^ 
calioes  are  oblique,  and  pierced  by  a  small  number  of  pbnB^ 
tabula  complete  and  horizontal."    ..."  The  elongated  teedi 
or  vertical  projections  which  we  see  in  the  interior  of  the  viioenl 
chambers  of  the  corallites  form  the  most  peculiar  chanusfeer  cC 
AtveoUteSy  and  recall  the  three  principal  septa  which  ohanetam 
the  genus  Heteroccenia  amongst  the  Asiranda.     It  ia  ako  iroHkvf 
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oC  aai%  tbai  one  of  the  septa  prqjectiaiiui  is  more  developed  than 
fciie  othor  two^  and  often  it  alone  may  exist" 

At  pu  VUif  Nicholson  and  Etheridge  summarise  the  abovoi  as 
BoUowa  :-—*'' In  brieflj  analysing  the  above  it  will  be  obvious,  in 
Ae  first  l^aee^  that  Lamarck's  definition  of  the  genus  AhmUtm 
Ima  not  contain  a  single  character  irhioh  would  at  the  present 
la|r  }m  regarded  as  of  generic  importance  at  all;  so  that  the 
lUinsale  etisteno6  of  the  genus  will  depend  upon  whether  the 
Tpe  qwoies — Ah.  mAarbiculdrtB^  Lamarck — can  be  shown  to 
3oasciBS  characters  which  separate  it  generically  from  allied  forms. 
Qdl  the  second  place,  the  various  definitions  given  by  M.  Edwards 
ixid  J.  Haime  peld  upon  collation  the  foUbwing  characters  as 
saentially  distinctive  of  the  genus  Alvelokes,  as  understood  by 
;hefm : — (1)  The  oorallites  are  furnished  with  lamellar  waDs,  and 
ire  not  united  by  any  ccenenchyma.  (2)  The  visceral  chambers 
lie  Iraveraed  by  well-developed  horizontal  tabulse.  (3)  Mural 
poresy  comparatively  large  and  few  in  nulnber,  are  present.  (4) 
ffhe  oorallites  are  oblique,  shorter  than  Fawmtes^  and  terminated 
3y  oblique  semilunar  or  subtriangular  calices.  (5)  There  exist 
m  the  interior  of  each  coralHte  three  elongated  teeth,  which  re- 
Miastat  the  primary  septa,  and  of  which  one  is  always  larger 
ban  the  others,  and  may  be  the  only  one  present  (6)  The 
^^^dlites  are  arranged  in  the  massive  and  encrusting  forms  in 
^Porimposed  layecs." 

33iie8e  authors  discuss  at  great  length  the  reasons  why  they 
Li^ive  thJEit  Alv.  ^to^t^  and  Alix  depremts,  Fleming,  must  be 
to  the  genus  ChasUteSf  Fisher.  At  page  366  they  state : — 
'<e  are'  disposed,  then,  to  believe  that  mural  pores  are  really 
^^'"(ing  in  Alv,  aeptosust  FL,  Alv.  depressua,  Fl.,  and  ChcdteUSy 
«r  ;  and  we  may  add  that  M.  Edwards  and  J.  Haime  expressly 
the  absence  of  pores  in  the  latter.  If  this  view  be  correct, 
clear  that  the  two  first-mentioned  of  these  forms  can  no  longer 
in  AlveolUeSf  from  which  they  further  differ  in  their 
^^glMBaii^ely  ersct  ooraUites  and  their  non-oblique  calices."  And 
E^i^ige  367  they  summarise  the  whole  as  follows : — '*  Upon 
^^^trinjg.  all  the  above  evidence,  it  seems  to  us  to  be  clear  that 
^  ^liprmtui^  FL,  and  Alv,  septosusy  FL,  can  no  longer  be  retained 
^^^e  genus  AUmiUies^  as  typified  by  Alv.  suborbiaularia  and  its 
On  the  other  hand^  if  more  extensive  investigation  confirm, 
believe  they  will,  the  absence  of  mural  pores,  these  species 
^^^be  placed  in  the  genus  CA<s(0(ea  side  by  side  with  CAcs.ra(li0iii^ 


^r 


trfi :roi  -irr—  -*  inis  —  *.    Tie  oini-^nCEScp  c£  nmnl 

3tir«s      2"  "He  *T'^r-  -  tti^tr:      '^     in-i  "ie  jumzrxirT'^ 

m  -rincii  r.  '^rvl  ?*  r^-?  n--  "rr-*--*  Z«TCr".  "iawi5v«gr.  I  ■cujUiied  so 
•■^31^^  m  rmi'ii.  iZii  •"•"  z  itismis  "haz  '»»*»*  jom^  be  bo 
•iniiiHTT  in  "::»*  3i:im-r   I  '^-rz*-?^^!  sotiim  ?t  .tit  ibiiesc  ^iKcsxiDb-  — o-J 

"ana  oiT  :nr:  jirser^i-cus  -:iidrm»?*L  I  5*1::  ~H!Sfi]aiied  diu  fAflC 
.:bjeracn  titsc  diZ.  ~:  -::►*  r*:i:2:iL  A.*  r^-riras  "ae  feoood  pains, 
"die  Joiirii  'C  "ditf  rjiLli--  fTiz:r"i7  iep«u£  lacn  "vnas  pare  of  tlv 
•.-:raIlTX3i  w  f  xuninri.      Ii  :isfA^  "ie  .•^utt^  ir^a.  ^iw  oocmliittB  will 

"Qfib  Ja!:r'ii  jjs;  ieci*i:'i:«  z^n  :r  "tiss  izcc  "ae  ttsiIxst  of  Ar 
TCijp  ▼id  iz.  '— -f.  Srtr-.izie!::;  iif  acnrr?  aie.  in  some  pnti  of 
tae  2:j;«  :t  -v-iioii  -_:-  'r-^rli-'ils*  -zrsceases  are  &«zai  in  alnoit 
xr^Zi-2  .  iz.  5CEif  -Ji»rr*?  J?  rue.  in  rchiers  There  »pe  rwo  and 
-vTifZsr  i=.  rha  auzi*f  -rrikss  ':i^;^?  irv  =.Tn«?qs  cocaOifeBi  in 
Tbii::!  zhese  ^rrjejriccjs  ir*e  tcc&llj  iv'iz.dz^  As  "g^'^i  iht 
'jiiri  pec.:,  '.hi  zclzizii'j  ri  "^e  ."tilicvs  resQ  sL» 
-vhAS  r«r:  jc  z'z'i  .x*RkLI*izi  ^  ^xL3iiz.tf^  If  ^v:un£s  the 
rr  i=.  iz-*  ^ar'lrz  5CJc^s  :f  zsdrarhj.  tiev  aiaj  be  aeoi  not  obIj 

«  ^  «  «  ^  - 

frcm  di*?  cartonif^rr'LS  rxks  iz.  vhich.  ill  chose  ccoditioBB  are 
s^etaif  mA  ilLsd  i  ^rerln'ri:  ::  JLlvtKiiiies  nccr^iemtarig  fiom  the 
Derocian  rcoki.  Elfrl.*  -rbi:?!  ^xhib::  zhf*  ccnShem  witkmt  any 
oblioTie  caJices  urcn  d:-?  sa—.--:  cf  :he  zidas.  wiiilsc  uiwanh  Ihe 
marmj)  th^  ccnilites  &r?  cbli^^ie.  o.^=ipre9sed.  oiaiigalWy  mi  nib- 
criangulaLT.  In  ieei,  :Lis  sp<cizn<ez.  &cm  the  £M  bas  aoA  a  dam' 
rmftmblance  to  some  cf  the  carboniferous  vwetiea  tbat|  Ivd  I 
been  made  avsLre  that  i:  was  a  Devonian  spedmeD,  I  wooU  bai 
regtfdiiid  it  a.?  belonging  to  the  carboniferous  fonnk 


*  For  thu  tpccimen  I  &m  indebted  to  Mr.  James  C.  Cbriilii^  to 
/#iltr  my  cordial  thanks. 
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Ab  regards  the    affinity  of   Alveolites  septosa  and  AlveoUies 

depressa,  K  and  H.,  to  the  genus  Chatetes^  I  fail  to  find  one 

-chanuster  in  common.    In  the  latter  I  have  been  unable  to  detect 

mural  pores.      Edwards  and  Haime  state  that  there  are  none. 

Fnrtlier  research  may  reveal  such,  bat  with  our  present  knowledge, 

which  is  foonded  upon  the  examination  of  a  large  number  of 

^specimens,  not  only  from  the  carboniferous  rocks  of  Britain,  but 

also  from  the  examination  of  specimens  from  the  Silurian  rocks  of 

Sweden,  which  were  kindly  sent  to  me  by  Dr.  Lindstrom,  I  have 

been  unable  to  detect  the  slightest  trace  of  mural  pores;  conse- 

«-<|aently  that  objection  must  fall  to  the  ground. 

There  i%  however,  another,  and  what  seems  to  me  to  be  a  more 

^ital,  objection.     In  Alveolites  the  mode  of  reproduction  is  by 

.^fldparity,  while  in  Chastetes  the  mode  of  increase  is  intermural, 

"which  can  be  traced  in  every  stage  of  development — first,  as  a 

-thickening  of  the  wall  in  the  angles  of  the  adjoining  corallites, 

"tiben  a  minute  pore  is  observable,  which,  in  the  very  earliest  stage, 

often  elliptical  in  outline,  and  shallow.   On  further  growth  tabulae 

observable,  and  as  a  result  of  their  growing  side  by  side  with 

'^Jie  parent  corallite,  they  become  more  or  less  prismatic  from 

lateral  pressura     The  genus  thus  multiplies  outside  the  parent 

^sondlite,  and  resembles  in  this  respect  the  Sderobasic  group. 

^Xndeedy  Chesteies  and  Stenopora  approximate  so  closely  in  the  mode 

"^Df  gemmation  to  the  Bryozoa  that  I  am  more  or  less  inclined  to 

^>]aoe  them  as  an  intermediate  group  between  the  Bryozoa  and  the 

^Kabnlate  coralsL 

The  only  gpecieB  of  Eavosites  yet  discovered  in  the  carboniferous 

System  is  Favosxies  parasiHca^  M'Coy.     Here  gemmation  is  inter- 

^nnxal,  and  always  takes  place  at  the  angle  of  tiie  parent  corallites. 

3)iit    while    Chastetes   and    Favosites  possess  this  character    of 

^^^valopment  in  common,  they  differ  widely  in  the  &ct  that  mural 

2x>reB  have  not  yet  been  detected  in  the  former,  while  in  the  latter 

'^hey  are  always  present^  and  arranged  in  the  most  systematic  order, 

Xrhich  has  been  r^;arded  of  sufficient  value  to  warrant  generic 

-^jatanction. 

These  points  may  be  briefly  summarised  as  follows: — Favosites. 
may  be  readily  distinguished  (1)  by  the  presence  and  arrangement 
xxC  ihe  muial  pores,  (2)  by  the  mode  of  development — the  carboni- 
ferous being  intermural,  and,  in  some  of  the  Silurian  forms,  calicular, 
and  always  at  the  angjles  of  the  parent  corallites. 

Aild  Cheetetes  may  at  all  times  be  recognised  (1)  by  the  flat 
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[  ihwto  knd  dstulrifoTm  moaBes,  (3)  tbe  n 
muni  pores,  aud  (3)  l^  the  intermiml  devalopment  of  the  a 

AloeoliU*  is  distinguuhed  (1)  by  the  form  and  axnugewttA  ct 
the  colioea,  (2)  hj  the  findparous  mode  of  development,  (3)  bj-  il» 
preseuoe  of  manl  pores,  aud  (4)  by  the  fonn  and  aspect  of  &t 
oonllnm. 

Tbtma  genera  preaent  the  following  character^  dewribed  fnn 
die  aotnal  n 


FAVosiTKa. — Fig.  1a. 

ConUnm    oompound,  composed  of    priamatlc   oonUUgi^  ni 
amuiged  in  miperiraposed  liiyers.     The  calicea  are  i>entHgonsl  ■ 
hexagonal.    Tabnln;  complete  and  iiumei-oiia.    The  mural  p 
abnndant  and  iiirangod  in  I'ows;  and  the  under  suiface  is  0 
with  a  wrinkled  opitheca,  iind  terminatiug  at  a  point.    The  d 
ment  is  intermuml,  and  always  arising  at  the  iingle  of  the  p 
corallit«&     Thn  specimens  are  froia  the  Siltnian  of  Swi 
Devooinn  of  the  Eifel,  aiid  fi-om  the  CftrUoniferoiis  of  S 

Fig.  I. 


Cu^rrKTES.— Fig.  In. 

Oondlum  compound,  forming  thin,  flat,  encrusting  sheets,  d 
form.  Some  forms  arc  in  small,  douio-shaped  mai 
and  prismatic;  development  intermural,  and  always  *t  the  mgiji^ 
of  the  parent  corallites.  The  new  cells,  which  are  first  nan  to  be 
a  mere  thickening  of  ^e  infermnral  space,  in 
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are  emptioal  in  outline,  but  in  further  development  become  an 
eloD^ted  dqjmaion,  and  gradually  aaaume  a  circular  outline.  In 
a  newly-formed  calioe  the  cavity  is  comparatively  ehallow;  on 
further  grorth  the  tube  of  the  calico  becomes  elongnted,  tuid 
aaeretM  a  transrene  plate  or  tahala.  The  tabnlie  are  nnmerouB 
wad  complete.  CRie  specimeoa  are  from  the  Silurians  of  Sweden, 
the  Devonian  of  the  Eifel,  and  the  Carboniferous  of  Scotland. 

Pig.U. 


Alvbolitsb. 

I  oompound,  composed  of  cloeely-oggregated  spherical 
oanlUtM,  wltBlt  ftee  bom  lateral  prewnre;  when  affected  by  lateral 
pwwni*  tltay  are  prismatic,  and  more  or  less  arranged  in  super- 
imiioaed  laycn.*  Colioea  cirenlar  when  free  from  lateral  pressure; 
they  are,  however,  asDally  oval,  triangular,  pentagonal,  hexagonal, 
n  the  large  oompotind  maaaea  where  they  are  more 


d  Itjm  are  nsaally  acoompMued  with  impure  toniga 
r,  wbUk  htm  basa  flnatad  and  distribated  over  the  man,  and  which 
I  tbe  oontiiraity  of  the  npwud  groirth  of  the  corallitei, 
r  Ae  part*  where  the  impnritiea  arc  the  tabulo!  are  anifonnly 
dapoaltid,  and  more  nnmerotu  thui  they  are  in  any  other  part  of  the 
•e  to  the  layer-h'ko  atpect  lo  frequently  aeeu  in 
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or  less  affected  by  lateral  pressore.  The  walls  are  perfoimted  by 
irr^olar  mural  pores.  The  increase  is  bj  filssiparity.  In  some 
instances  it  is  found  in  irregular,  flat  sheets,  and  terminating  at  a 
point  on  the  under  surface.  It  seems  to  have  been  attached  to 
foreign  bodies  and  covered  with  a  wrinkled  epitheca^  whilst  other 
forms  are  periform,  irregularly  hemispherical,  and  mammalar- 
encrusting  masses.  Several  of  the  species  are  freqnentlj  fomid 
encrusting  the  ventral  valve  of  Produetus  giganteuM.  I  have 
specimens  as  mere  thin  encrusting  sheets,  with  a  continuous  aezies 
increasing  in  height  up  to  fifteen  inches. 

As  regards  the  affinity  and  classificatory  position  of  AI/oeoKlBB^  the 
above  account  of  iho  structure  leaves  little  doabt  that  the  ouboDi- 
ferous  species  is  more  nearly  allied  to  the  AlveolUe$  of  Lamaidc 
than  they  are  to  any  other  group.     They  agree  with  Lamazdc's 
description  in  possessing  mural  pores,  and  the  fissiparons  mode  of 
gemmation,  and  there  can  be  no  reasonable  grounds  for  erasing 
that  genus  from  the  carboniferous  fauna,  and  placing  them  amongrt 
the  species  of  a  genus  that  was  established  nearly  thirty  yean 
after  the  creation  of  Alveolites.     Indeed,  I  cannot  accept  the  Tiewi 
of  Nicholson  and  Etheridge,  as  recorded  in  the  Tranaactunu  of 
Lin.  Society,  voL  xiiL,   yk  367,  who  place  them  amongst  the 
ChaUUda.    They  appear  to  me,  on  the  contrary,  to  form  a  distinGt 
special  group,  distinguished  from  Chastetss  not  only  by  the  more 
massive  aspect  many  of  them  assume,  but  also  by  the  poeaeanon  of 
mural  pores,  the  mode  of  development,  the  total  aheence  of  the 
small  intermural  zooids,  by  their  invariable  deflected   mode  of 
growth,  and  by  the  fact  that  Cheetetes  is  usually  found  in  flat» 
encrusting  sheets  of  no  great  height     In  ChoBtetes^  on  the  other 
hand,  the  mode  of  development  is  well  seen ;  the  young  ooralliteB 
arc  developed  within  elongated  depressions,  hollowed  oat  of  the 
calcareous  wall  of  the  parent,  and  protected  by  the  wall  whidi 
projects  on  the  surface  of  the  contiguous  walls,  showing  themaelTes^ 
when  examined  by  a  magnifying  glass,  as  small  elongated 
with  a  depression  in  the  centre.     Indeed,  with  the  mass  of  i] 
trations  before  me  (amounting  to  several  hundredwei^tB)  as  to 
the  structure  of  Alveolites  of  Lamarck,  it  is  impossible  to  afttaWWi 
any  satisfactory  generic  relation  between  this  group  and  Chmietm; 
and  this  view  was  the  one  finally  adopted  by  Edwards  and  W^w*^ 
Was  there  no  other  evidence,  the  possession  of  perforated  walls  and 
priority  separates  them  from  the  family  of  the  Chatetedau     Indeed, 
the  more  I  investigate  the  corals  of  the  carboniferous  systen^  the 
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more  am  I  persuaded  of  the  constant  tendency  of  variation  which 
all  Impedes  show,  and  that  the  varied  forms  of  coralline  remains 
have  been  gradually  evolved  in  a  slow  gradation  of  increasing 
complexity,  produced  by  the  adaptation  of  structure  and  function 
to  external  conditiona     Meanwhile,  we  can  only  select  central 
^rpea^  from  which  both  genera  and  species  diverge  in  both  direc- 
tions.    And  I  trust  that  the  descriptions  given  of  the  genus 
AlpeolUes  is  sufficiently  distinct  to  warrant  me  in  retaining  the 
genus  as  occurring  in  the  carboniferous  series.    The  details  coincide 
doaely  with  the  definition  of  Lamarck,  and  that  of  M.  Edwards 
and  J.  Haime,  unless  in  the  angularity  of  the  calices.   Before,  how- 
ever, we  seek  to  speculate  upon  the  angularity  or  the  non-angularity,. 
we  ou^t  to  keep  in  mind  that  either  of  these  conditions  essentially 
depend  upon  what  part  of  the  corallum  Lamarck  examined  (aa 
referred  to  at  page  10).     If  from  the  summit,  then  the  corallitea 
are  seen  not  to  be  angular,  but  they  possess  the  teeth-like  pro- 
oowoo,  or  fissiparous  division,  in  a  less  degree;  whUe  a  section  taken 
finom  the  lateral  margin  not  only  shows  the  calices  to  possess  the 
angularity,  but  there  is  also  a  great  increase  of  the  fissiparoua 
projections  in  the  interior  of  the  corallites. 

AhedtUee  eepiosa.    Edwards  and  Haime. 

Pkte  L— Figa  1,  1a. 
Specific  Characters. — Corallum    in  broad    encrusting    sheets,. 


and  pyriform  masses,  and  more  or  less  mammalated, 
and  frequently  found  encrusting  the  ventral  valve  of  Productue 
giganUus.  The  corallites  are  pentagonal  and  hexagonal,  and  are  a 
third  of  a  line  in  diameter,  and  from  five  to  eleven  lines  long. 
The  tabulsB  are  well  developed,  and  there  are  from  four  to  six  in 
a  Una  In  some  forms  along  their  interior  there  are  rows  of 
minute  elongated  granules  (Plate  L,  Figs.  2,  2a),  whilst  in  other 
fonns  they  are  ahnost  destitute  of  the  granular  structure.  There 
aire  mural  pores,  and  of  large  size,  which  alternate  between  the 
granular  rows  (Plate  L,  Fig.  7).  They  increase  by  fissiparity,  and 
the  teeth-like  projections  may  be  seen  in  well-preserved  specimens 
as  minute  points,  and  can  be  traced  extending  across  the  calice, 
and  becoming  attached  to  the  opposite  wall  (Plate  I.,  Figs.  3 
and  8). 

Formation,  Carboniferous;  Locality. — Found  'vq.  beds  of  impure 
linM>f*A"ft  at   Oatecraigs,   Dunbar,  Haddingtonshire;    Petei-shill,. 
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Bathgate;  Wegton  and  Boghead,  Lesmahagow,  Lanarkahire; 
Oanewater  and  Asheybum,  near  Moirkirky  Ayrahiie.  In  the 
latter  locality,  I  have  found  specimenB  encrusting  the  ventral 
valve  of  Productus  gtganieus  in  thin  sheets  of  half  an  inch  up  to 
maases  fifteen  inches  in  height,  while  in  some  forms  found  at  Dunbar 
(where  Dr.  Flf^niiiig  got  his  type  Favoaites  depreatua  from),  they 
4ure  in  dome-shaped  encrusting  sheets.  One  of  these  I  mearared. 
It  was  twenty-two  inches  in  diameter.  This  variety  approabhes 
so  closely  to  the  genus  FavasUea  that  there  need  be  no  sorpxifle  at 
Dr.  Fleming  placing  it  in  that  group.  Indeed,  unless  there  is  both 
tranaverse  and  longitudinal  sections  examined  it  would  raadOy 
be  placed  as  belonging  to  that  genus.  The  corallites  are  longer 
than  is  found  in  any  other  species  of  AlveoHiei^  conBequantl^ 
there  is  a  proportionate  absence  of  fissiparous  division;  and  i^ 
in  the  absence  of  a  longitudinal  section,  a  transverse  aaclion 
is  only  examined,  and  more  especially  an  unpolished  seetian, 
it  would  be  placed  by  many  palaeontologists  as  belonging  to 
Faivotiiea.  The  type  specimen  of  Dr.  Fleming*  is  rough  and 
granuliur,  and  resembles  Favositee,  but,  when  sectioned^  we  find 
the  fissiparous  mode  of  development  throughout  the  man — a 
characteristic  which  is  always  present  in  Alveolites^  and  quite 
distinct  from  the  structure  of  Favosites,  and  therefore  must  be 
placed  in  the  genus  Alveolites^  and  forms  an  interesting  connecting 
link  between  Favosites  and  the  more  pronounced  forma  of 
Alveolites  of  Edwards  and  Haime.  One  of  the  specimens  firom 
Asheybum  is  so  coarsely  granular  that  I  did  regard  it  as  a  variety 
of  Pachypora  Lindstrum,  but  when  carefully-sectioned  apecimens- 
are  examined,  the  Alveolitic  type  is  clearly  pronounced.  In  another- 
specimen  from  the  same  locality  there  are  occasionally  seen  minute 
intermural  pores  or  young  corallites,  which  is  the  characteriatic  of 
the  genus  Chcetetee,  The  structural  details  of  AlveoKtee^  howefer, 
largely  pi<edominate,  and  thei*efore  we  can  only  regard  such  forms 
.as  mere  varieties  between  Favosites  and  AheoUtes  on  the  one 
hand,  and  on  the  other  as  between  Alveolites  and  ChasMss — a 
relation  which,  when  our  knowledge  of  the  fossil  corals  of  the  ctf  • 
boniferous  system  is  more  accurate,  will  be  found  to  exiat^  not  Ottl^ 
in  this  group,  but  also  in  all  the  other  genera  found  in  that  sjstiia.- 


*  Through  the  kindness  of  Dr.  Traquair  I  was  permitted  to  ^mann^m  tie 
type  specimen,  which  is  in  the  case  containing  Dr.  Fleming's  coUeotiott  ii 
the  Industrial  Museam,  Edinburgh.  .  . 
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^  

AlveoKtei  iajprtua.    Edwards  and  Haime. 
PUto  I.,  Figs.  4^  4a. 


Specifio  ChanMstera — Corallam  hemispherical,  pyrilbra^  or  in 
-Ahin,  flati  nndwlatiiig  sheets.    Oorallites  pentagonals  <<NMjr  koSM- 
jggofaal^  and  from  a  tenth  to  the  fourteenth  of  a  line  in  itifvnt1?T, 
j^Mnd  from  three  to  five  lines  in  length.    The  fisaiparoiia  ckTOhqpMnt 
the  young  oorallites  are  seen  in  some  forma  as  miimla  poiiiH 
in  others  in  every  stage,  till  they  reach  the  opposila  iratt  ^f 
-^>2ie  ooralUta    The  mural  pores  are  large,  and  sunoundsd  viU|  i^ 
lip. 
Formation,  Oarbonifereus ;  Locality. — ^Fonnd  in  thin  enorualiiig 
at  Charleston,  Fifeshire;*  Braidwood,  LanarksUrs;  Gafia- 
'-'iter  and  Asheybum,  Muirkirk,  Ayrshire.     In  the  Braidwood 
Qurkirk  districts  this  species  is  found  in  more  or  less  dome- 
masses,  whilst  at  Charleston  it  is  in  thin,  flat  sheets,  from 
o  lines  to  three-quarters  of  an  inch  in  thickness,  and  the  under 
is  covered  with  an  irregular  wrinkled  epitheca,  and  attached 
to   A>veign  bodiea. 

*  ^  'Was  inclined  to  regard  the  variety  of  this  species  that  is  found 
*^    CSbi^rleBton  as  belonging  to  the  genus  Chaetetes,  but  finding  the 
pores  and  the  fissiparous  development,  I  felt  satisfied  that 


m 


>^  <^cs^^d  not  be  placed  amongst  that  genus. 

AhoeolUes  capillar  is,     Phillips. 

Part  I.,  Figs.  5,  5a. 

'S^^^cific  Characters. — Corallum  in  large  hemispherical  masses 
^%Jiin  encrusting  sheets.      I  have  one  mass  seven  inches  in 
'^'ter  and  nine  inches  in  height     Oorallites  from  three  to  seven 
long.     In  no  instance  have  I  seen  more  than  one  of  the 
^^like  processes  in  a  calice.     This  fissiparous  mode  of  develop- 
^^^^^^    is  present  in  all  stages,  from  mere  points,  and  extending 
and  attached  to  the  opposite  side  of  the  corallite.     The 
^  axe  thin  and  smooth.     The  corailites  are  from  a  sixth  to  a 
^^  of  a  line  in  diameter.     The  tabulas  are  well  developed,  and 
'^*^t««y«ithofalineapart     The  mural  pores  are  lar^ 


is  is  OhctUU$  hfperbortuB  of  Nicholson  and  Etheridge. 
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I  was  loDg  digpoacd  to  regard  this  specd«B  m  a  vMiiBtj  ti  Ale. 
dqprtua,  E.  and  H.  It  is,  however,  diatiiigaialied  hj  its  thin, 
nmootb  walls,  larger  corallitcs,  and  is  found  in  mnch  larger  mimni 
Milne-Bdworda  and  J.  Haimc  considered  it  to  be  an  intermediate 
fonn  Tietwecn  Alv.  teptoius  and  Alv.  depreuua,  Ftem.  From  the 
examination  of  a  lai^  scries  of  specimens,  this  opinioa  I  eordially 
undone. 

Formation,  Carboniferous  ;  Locality. — Found  in  the  knrer  fime- 
Htooe  serieH,  in  large  hemispherical  masses,  at  Crasifanl  and  Bog- 
head,  Lanarkshire ;  Asheybum  and  Ganewater,  near  SCtiirfciHt; 
Aynhire  ;  and  in  thin  encrusting  sheets  at  Petenlul^  oMT 
Bathgate  'JB 

AheoliUs  EUieridgeii.    Thomson.    Sp.  nor. 

Plate  I.,  Fig.  G,  6a,  6b,  6c,  6i>. 

Specific  Chaiacten. — Conillum  in  irregular  pyrifonn  and  )knA- 
qtherical  masses,  and  more  or  leas  mammalated.  It  is  froqiunlljr 
found  in  tri-mammal  masses.  Corallitee  inegular  and  largn;  % 
are  pentagonal,  hexagonal,  heptagonal,  and  sub-rhomb 
from  six  to  ton  lines  long.  The  walls  are  tiiin  t 
tubulR  arc  close,  and  about  a  seventh  <tf  a  line  apart, 
arc  large,  and  granular  in  the  interior.  Some  are  one  line,  irilllat 
others  are  a  third  of  a  line  in  diameter.  They  are  hei'e  and  then 
arranged  throughout  the  mass  in  sub^tellatc  groups,  radiating 
irr^ularly  iirotuid  a  lai^  central  coiallite  (Plate  L,  Vif/k  6, 
6d).  Some  of  these  are  fully  two  lines  long  and  a  tlutd  of  a 
line  broad.  In  tho  neighWurhood  of  these  radiate  gronpa  the 
surfaco  is  more  or  less  vermicular  in  external  aspeot.  In  the 
latter  tho  fisiiiparons  development  is  frequently  present;  and  in 
all  fissiparity  may  bo  traced,  in  every  stage  of  developrnm^  from 
minute  points  to  tho  attachment  of  the  plate  to  the  oi^xwite  walL 
There  arc  large  mural  pores.  Tliis  species  is  frequently  fotuul  in 
lai^  inasHes — ^I  havo  a  portiou  of  a  mass,  the  original  'was  folly  a 
hundredweight.  It  is  also  fi-cquontlj  found  as  a  parasite  upon 
the  ventral  valve  of  FroductUH  giganteus. 

Formation,  Lower  Carboniferous;  Locality. — Found  at  Cate- 
ciugB,  Dimbar,  Haddingtonshire;  Blackridge,  near  Ecclefecfaan, 
DumfrieiMhire  ;  Asheybum  and  Garsewater,  near  Muirkirk,  Ayr- 
shire. 
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I  hftve  great  pleasure  in  naming  it  after  Mr.  Bobert  Etheridge, 
Jan.,  F.0.8.  He  vaa  kind  enough  to  show  me  the  fiist  spedmen 
that  had  oome  under  my  observation,  in  July,  1876.  Since  then 
I  hxve  diacowed  it  in  the  other  localites  enumerated. 

Genua  Amplexiu.    Sowerby. 
Fig.  UI. 


Oeneric  Characteta — Coralluiu  elmple,  sub-cylindrical,  cylindri- 
cal, and  tapering  towarda  the  base;  frequently  tall,  and  more  or 
]e»  twisted.  The  epitheca  is  thin,  with  encircling  lines  of  growth 
and  aocretdon  ridgea.  The  aepta  are  delicate  and  short — they  never 
reach  to  near  the  c^itre  of  the  calioe  (Fig.  3b).  The  tabulie  are 
well  developed,  extending  completely  across  the  visceral  chamber, 
and  invariably  ezpoaed  over  a  wide  central  area  into  which  the 
■epta  do  not  penetrate  (Fig.  3a).  A  septal  fossula  is  present,  which 
ia  usually  formed  by  a  alight  lateral  depression  of  the  tabule.  Tbe 
calicc  is  usually  circular  and  shallow,  with  a  thin  margin. 

The  genua  Amplesus  was  established  by  Mr.  Sowerby*  for  the 
reception  of  a  group  of  corals  which  form  o  natural  and  inter- 
es  between  the  compound  tabulate  forms,  as  Alveolites, 


'  Sowerby'a  "  Mineral  Conchology,"  vol.  J.,  p.  IGo. 
Vol.  Xin.-No.  1.  o 
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and  that  of  the  genus  ZaphrentU,   Typical  examples  of  the  former, 
however,  are  readily  and  completely  separated  from  AlveoliUi  in 
the  possession  of  rudimentary  septa,  whereas,  in  the  latter  the 
septa  arc  awanting;  and  from  ZaphretitU  by  the  septa  being  le* 
developed,  and  the  more  rudimentary  septal  fossola.     Owing  to 
the  rudimentary  condition  of  the  septa,  there  is  invariably  a  space 
in  the  centre  of  the  corallum  which  is  occupied  exclusively  by  the 
tabulte.     The  septa  afford  one  of  the  most  striking  characten  of 
the  genus,  being  invariably  short  and  comparatively  radimentaij* 
This  is  well  seen  in  Atnplexua  corcUloldei,  Sow.,  Plate  IL,  FSgs.  1| 
1a,  la     They  differ  in  length,  but  in  most  of  the  species  of  the 
genus  they  never  extend  inwards  towards  the  centre  of  the  visoenl' 
chamber  more  than  about  a  third  of  the  total  diameter,  whilst  ii ' 
most  species  they  are  shorter  than  this.     There  is  no  seoondsry 
septa  developed,  and  there  may  or  may  not  be  interseptal  dissepi- 
inents  present;  whilst  these,  when  present,  are  always  comparatively  ' 
simple  and  few  in  number. 

The  tabular  are  well  developed,  and  are,  with  one  exception,  ' 
bent  in  a  more  or  less  marked  manner  downwards  at  their  outer  ' 
extremities.  i 

The  calice  is  circular  and  shallow,  with  a  thin  upper  margin.  • 
Owing  to  the  shortness  of  the  septa,  the  bottom  of  the  calioe  is  - 
nearly  flat,  and  formed  by  the  superior  surfSaoe  of  the  upfwr  tabakL 

The  carboniferous  forms,  so  iar  as  I  have  observed,  are  reatriotod 
to  the  lower  members  of  the  system.* 


AmpUxKS  coralloides.     Sowerby. 

Flatell.,  Figs.  1,  1a,  1b. 

Specific  characters. — Corallum  simple,  cylindrical,  tortuous^  mm! 
tapering  towards  the  lower  extremity.  The  epitheca  is  thick, 
with  encircling  lines,  and  broad,  shallow  annulations  of  growtL 


*  For  the  identification  of  a  number  of  the  species  of  this  and  the 
Zaphrentis,  I  cordially  offer  my  thanks  to  Prof.  L.  de  Koninck,  li^go^  M. 
Dupont,  Brussels,  and  my  gratitude  to  the  memory  of  the  late  Dr.  Kjit^ 
Brussels,  who  rendered  me  invaluable  aid  by  allowing  me  the  use  of  VmL 
Koninck's  type  specimens  out  of  the  National  Ck>lleotion,  Bmasels,  for 
comparison,  by  which  means  I  am  enabled  to  name  many  of  the  Scottuk 
species  from  the  most  reliable  data. 
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The  calioe  is  circular  and  moderately  deep.  The  se])ta  are  of  one 
order,  marginal,  and  extend  inwards  for  about  one  and  a-half  line, 
and  are  wide  apart  There  are  fortj-six  septa  in  a  corallum  one 
inch  in  diameter,  and  between  each  septum  there  is  one  inter- 
septal  dissepiment.  A  septal  fossula  is  present,  and  formed  by 
a  slight  depression  of  the  tabulse,  and  one  septum,  lialf  the  length 
of  the  others,  extend  into  it. 

Height  of  corallum  (incomplete),  5  inches;  diameter  of  calice, 
1  inch. 

Formation,  Carboniferous;  Locality. — Found  in  impure  lime- 
sUme  that  overlies  the  productus  limestone,  near  the  base  of  the 
marine  terieB  of  the  carboniferous  system,  at  Broadstone,  Beith, 
Ayrshijre,  and  Brockley,  Lesmahagow,  Lanarkshire. 

This  Mjpede^,  so  &r  as  our  present  knowledge  goes,  is  rai'ely 
foaxid  in  Scotland,  and,  when  found,  it  is  usually  imbedded  in 
impure  limistone. 

Amplexus  Sowerbii.     PhUlips. 

Plate  II.,  Figs.  2,  2a. 

Specific  Characters. — Corallum  simple,  short,  cylindrical  and 
oonical  at  the  base.  The  epitheca  is  thin,  and  marked  with 
shallow,  irregular  annulations  and  encircling  lines  of  growth, 
and  there  are  faint  longitudinal  ribs.  The  calice  is  circular  and 
shallow;  the  septa  minute  and  hardly  discernible.  There  are 
twenty-two  septa,  and  there  is  no  intei'septal  dissepiments.  The 
fi)08ula  is  small,  and  one  of  the  septa,  of  shorter  length  than  the 
others,  extends  into  it.  The  tabulee  are  sparse,  and  extend  across 
the  visceral  chamber  from  wall  to  wall,  and  are  fully  a  line 
apart 

Height  of  corallum,  1  inch;  diameter,  3  linen. 

Formation,  Lower  Carboniferous;  Locality. — Found  in  a  bed  of 
shale  that  is  inteistratified  with  the  upper  thin  beds  of  limestone, 
near  the  base  of  the  marine  series  of  the  car1x)niferous  system,  at 
Brockley,  Lesmahagow,  Lanarkshire. 

This  interesting  species  may  be  said  to  be  the  intermediate 
form  between  the  genus  Alveolites  and  that  of  Amplexus,  It, 
however,  being  single,  and  there  being  no  mural  pores,  it  must  be 
placed  with  the  latter  genus,  and  will  therefore  form  the  con- 
necting link  between  those  two  genera. 


212  PhUo9ophical  SodO^  ^  Okagom. 

Amplexui  serpuloideg.     De  Kooinck. 

Plate  n.,  Figs.  3,  3a,  3b. 

Specific  Characters.  —  Gorallum  simple,  cflindro-ooaical,  and 
twisted.  The  epitheca  is  thin,  and  marked  with  shallow  annula- 
tions  and  crenulate,  encircling  lines  of  growth  and  delicate  longi- 
tadinal  ribs.  The  calice  is  circular  and  shallow.  There  arfr 
twenty  septa,  which  are  short  and  delicate,  and  there  are  fidnt 
indications  of  interseptal  dissepiments.  The  fosBola  is  shallow, 
and  indicated  by  a  slight  depression  of  the  tabolie,  and  a  septum  a 
little  shorter  than  the  others  extends  into  it  In  the  longitadinal 
section  the  tabulae  are  irr^^lar,  and  extend  across  the  whole  width 
of  the  idsoeral  chamber,  and  close  to  the  wall  they  are  slightly 
bent  downwards. 

Height  of  corallum,  1  inch ;  diameter  at  the  broadest^  3^  lines. 

Formation,  Carboniferous  ;  Locality. — Found  in  a  bed  of  shale 
that  is  interstratified  with  the  thin  bands  of  limestone,  near  the 
base  of  the  carboniferous  system,  at  Brockley,  Lesmahagow,. 
Lanarkshire. 

Amplexus  nodtUomis.     Phillips. 

Plate  II.,  Figs.  4,  4a,  4b,  4c. 

Specific  Charactera — Corallum  cylindro-conical,  flesuoos,  wad 
acute  at  its  base.  The  epitheca  is  stout,  and  maxked  with  acoto 
narrow  annulations  and  crenulate,  encircling  lines  of  growth,  and 
irregular  nodular  prolongations,  which  are  more  numerous  near 
the  inferior  extremity.  The  calice  is  circular  and  shallow.  THk 
septa  extend  inwards  for  fully  a  line.  There  are  twenty-three 
a  corallum,  five  lines  in  diameter,  and  each  is  united  by  i 
dissepiments,  which  are  few  in  number. 

The  fossula  is  small,  and  one  septum,  of  shorter  length  than 
others,  extends  into  it.     The  longitudinal  section  exposes  the 
tabulae,  which  are  two-thirds  of  a  line  apart,  and  which  bend  do' 
wards  at  their  lateral  margin. 

Height  of  corallum,  1  inch  5  lines  ;  diameter  of  calioe,  5  lin( 

Formation,  Carboniferous;    Locality. — Found  in  shale  that 
interstratified  with  the  thin  bands  of  limestone,  near  the  base  ^ 
the  carboniferous  system,  at  Brockley,  Lesmahagow,  Lanarkshir?* 
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AmplexuM  qmuMiM.    De  Koninok. 

Plate  n.,  Figs.  5,  5a»  5b,  5c. 

%i6dfio  OhtmctenL — Corallam  simple^  conical,  and  currod. 
The  epithecA  is  thin  and  maorked  wiiih  crenulate,  endrcling  linea, 
saii.  irvegnlar,  ahaUow  annulatiaiui  (rf  growth,  and  there  are  dis- 
paned  over  its  surface  a  few  qnnooB  procenes,  which  point 
downwarda  The  calioe  is  circular  and  shallow.  The  septa  are 
Ijunellar  for  a  third  of  their  length  from  the  periphery;  they  then 
axe  dn£^  and  taper  to  a  point,  and  extend  inwards  for  fully  a 
iine.  There  are  twenty-six  primary  septa,  and  the  secondary 
Bepta  are  represented  by  pointed  granules,  and  each  is  united 
by  remote  and  sparse  interseptal  dissepiments.  In  a  longi- 
tudinal section  the  tabulse  are  exposed,  and  are  more  or  leas  flat 
in  the  central  area,  and  at  their  lateral  margins  they  bend 
downwarda  The  fovula  is  small,  and  a  septum,  half  the  length 
of  the  others,  eoctends  into  it. 

Heij^t  of  corallum,  10  lines ;  diameter  of  calice,  6  lines. 

Formation,  Oarboniferous ;  Locality. — Found  in  bands  of  shale 
that  are  interatratified  with  the  thin  beds  of  limestone^  near  the 
base  of  the  oarboniliarous  system  at  Brockleyi  Lesmahagow, 
lanarkshire,  and  Bou^^wood,  Beith,  Ayrshire. 

Ampleuus  irreguburu.    Thomson.    Sp.  nov. 

Plate  H,  Figs.  6,  6a. 

Specific  Ciharacters. — Corallum  simple,  cylindrical,  and  conical 

the  baaCi    The  epitheca  is  thin,  and  marked  with  longitudinal 

ahaUow  annulations,  and  crenulate,  encircling  lines  of  growth. 

dronlar  and  shallow.    The  septa  are  irregular  in  length, 

.^  lamellar.    There  are  twenty-two^  two  long  and  two  of  them  of 

length  alternately,  and  in  the  spaces  usually  occupied  with 

secondary  septa  there  are  very  minute  granules  exposed  on 

inner  face  of  the  theca,  and  the  interseptal  spaces  are  occupied 

^  irregular  and  sparse  interseptal  dissepiments.     The  fossula 

indistinct;  between  two  of  the  short  septa  there  is  one  of 

^rter  length,  which  I  take  to  be  the  fossula. 

Selg^t  of  corallum,  1  inch,  4  lines ;  diameter  of  calice,  fully 

^  IhM. 
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FoiDiation,  Carboniferous;  Locality. — Found  in  beds  of  shale 
that  are  interstratifieil  with  thin  beds  of  limestone,  near  the  base  of 
the  carboniferous  system,  at  Roughwood,  Beith,  Ayrshire. 

It  is  noteworthy,  that  in  this  and  the  preceding  species  we 
have  presented  the  bilamellar  septa,  accompanied  with  an  increased 
number  of  interse]ital  dissepiments,  and  somewhat  irr^^ular  and 
slightly  convex  tabulre,  suggesting  that  it  \&  only  with  the 
inci'eased  complexity  of  the  internal  structural  details  that  the 
bilamellar  septa  l)egins. 

AmpfexuB  cornufonnU.     Ludwig. 


Plate  II.,  Figs.  7,  7a,  7b,  7c. 

Specific  Characters. — Corallum  simple,  cylindrical,  and  curved. 
The  epitheoa  is  thick,  and  marked  with  delicate  crenulate  encirding 
lines  and  shallow  unnulations  of  growth.     The  calioe  is  cirenlar 
and  shallow.     The  septa  are  lamellar,  and  there  are  twenty-fonr 
in  a  corallum  seven  lines  in  diameter;  and  between  each  septank. 
tlierc  is  a  large  granule,  occupying  the  space  of  the  secondaiy 
and  may  be  regarded  as  the  prototype  of  the  secondary  septa, 
interseptal  dissepiments  avc  few  in  number.     The  longitudinaL^^ 
section  is  more  or  less  bi-aerial  (Plate  II.,  Fig.  7b).     In  the  oeni 
area  there  are  irregular  ttibulse,  which  are  deflected  downwards 
the  concave  or  ventral  side  of  the  corallum;  and  the  interlocular"^^ 
area  is  occupied  with  irregular  convex  interseptal  dissepiments, 
convexity  i>ointing  upwards  and  slightly  outwards.     In  the  longi — 
tudinal  section,  and  wliei*e  tlic  interlamellar  structure  of  the 
is  exposed,  the  interlamellar  spaces  are  seen  to  be  occupied  with 
system  of  delicate  vertical  plates,  which  extend  inwards  and  acQ 
downwards.     Tliere  are  six  in  the  space  of  a  line.     These  plates 
regaled  as  an  expression  of  the  retractile  muscles  of  the  polyp, 
which  I  recorded  as  occumiig  in  the  interlamellar  space  in 
2'ra7i8(tetion8  of  this  Society  last  year — a  discovery  I  made  whili 
investigating  another  ]K)int  of  great  interest,  and  which  I  hope  by — 
and-by  to  record.     The  fossula  is  large,  and  one  septum,  of  shortBr^v 
length  than  the  others,  extends  into  it. 

Height  of  condlum,  1    inch   4   lines;    diameter  of    calioe^ 
lines. 

Formation,  Carboniferous;  Locality. — Found  in  shale  intorstrati-— 

fied  with  the  thin  beds  of  limestone  near  the  base  of  the  carboniferoiuk' 


Mr.  James  Thomson  an  the  Genus  Alveolite$,  d-c,       215 

system,  at  Brockley,  Lesmahagow,  Lanark,  and  Charleston,  Fife- 
shire. 

Ampleocus  Haimeanua.     De  Koninck. . 

Plate  II.,  Figs.  8,  8a,  and  9,  9a. 

Specific  Characters. — Corallum  simple,   short,   and   turbinaU^ 

The  epiiheca  is  stout,  and  marked  with  shallow,  irregular  annula- 

tions-and  encircling  lines  of  growth,  and  there  are  a  few  nodes 

irr^pilarlj  dispersed  over  its .  surface.     The  calice  is  slightly  oval 

and  shallow.     The  septa  are  well  developed  and  lamellar,  and 

extend  inwards  to  near  the  centre  of  the  visceral  chamber,  and 

are  united  by  numerous  interseptal  dissepiments.     The  central 

area  is  not  quite  a  third  of  the  total  diameter  of  the  corallum,  and 

enclosed  with  transverse  tabuke.     The  fossula  is  small,  and  one  of 

the  septa^  half  the  length  of  the  others,  extends  into  it. 

Hei^t  of  corallum,  6  lines;  diameter  of  calice,  3  lines  at  the 
^voadest  and  2^  lines  at  the  narrowest. 

•Pmxnation,  Oarboniferous;  Locality. — Found  in  bands  of  shale 
^exstmtified  with  the  thin  beds  of  limestone  near  the  base  of  the 
f>cniferous  system,  at  Brockley,  Lesmahagow,  Lanarkshire. 


Amplexua  ffeiielowi,     Edwards  and  Kaime. 

Pkte  II.,  Figs.  10,  10a,  10b. 

LC  Character& — Corallum  simple,  cylindro-coiiical,  and 
"tly  curved.  The  epitheca  is  very  stout,  and  marked  with 
broad  and  shallow  annulations  and  enciix^ling  lines  of 
'^0^  The  calice  is  circular  and  moderately  deep.  The  septa 
lamellar;  and  in  the  longitudinal  section  there  are  eight 
"Jamellar  vertical  strise  in  the  space  of  a  line.  There  are 
it  septa^  which  are  variable  in  length,  and  are  united  by 
interseptal  dissepiments.  The  central  ai*ea  is  occu[)ied  by 
tabulflB,  some  of  which  extend  to  the  wall  on  the  ventral 
%3i  the  corallum,  whilst  others  stop  short;  and  the  interseptal 
is  occupied  with  large  convex  interseptal  dissepiments,  con- 
;y  upwards  and  outwards.  The  fossula  is  large,  and  a  septum, 
^^kiorter  length  than  the  others,  extends  into  it. 
height  of  corallum,  1  inch  3  lines;  diameter  of  calice,  7  lines. 
Carboniferous;  Locality. — Found  in  a  band  of  shale 
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that  overlies  the  lowest  bed  of  limestone,  at  BraodBtmu^  Bdth, 
Ayrshire. 

Genus  Zaphrentia.    Bafineeqne  and  Clifford. 
Aim.  (lea  Sci.  Phyi.  de  Bnuaeles,  tqL  t.,  p.  234. 

Fig.  IV. 


Generic  Cbonctera. — Corallam  simple,  turbinate,  oonioal,  mtA 
cjlindro-conical,  and  more  or  less  curved.  The  calice  ii  deep,  vitli 
a  large  and  conspicuous  fossula,  and  formed  hj  the  coaleacenoa  of 
a  portion  of  the  septa,  which  at  their  inner  ends  fold  round  and 
form  its  walls  (Fig.  4b.)  The  septa  are  all  lamellar,  and  aie 
well  developed,  extending  in  some  forms  to  the  centre,  while  in 
Others  a  portion  of  them  stop  short.  They  then  coalesce  and  become 
united,  and  converge  to  the  centre  of  the  visceral  chamber ;  whllat 
ia  the  simple  or  passage  forma  of  Zaphrentia,  and  the  more  hig^y - 
developed  form  of  Ampltxus,  the  septa  do  not  reach  the  oentce  of 
the  visceral  chamber. 

There  is  no  columella,  the  tabulie  are  conspicuoaa  and  variably 
and  the  septa  are  more  or  less  prolonged  over  their  snpecior 
surface^ 

The  interseptal  loculm  are  filled  up  towards  the  outer  THft-iynif 
of  the  corallum  by  remote  convex  dissepiments,  and  the  tabnlw  &U 
short  of  the  circumference  of  the  corallum,  and  rest  upon  the 
interseptal  dissepimeats,  and  generally  have  a  downward  curvatare 
near  the  circumference;  and  this  is  usually  more  apparent  oa  the 
ventral  side  of  the  corallum. 
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The  general  form  of  Za/phrentis  is  variable.  Some  are  turbinate, 
and  attain  a  moderately  large  size,  whilst  others  are  very  small. 
The  epitheca  is  variable ;  in  some  species  it  is  stout,  whilst  in 
others  it  is  thin,  and  is  usually  marked  with  aoeretion  ridges,  and 
fine  encircling  lines  of  growth.  The  calice  is  deep,  and  its  upper 
margin  is  thin,  and  there  is  always  a  deep  fossula.  The  most 
characteristic  feature  of  the  fossula,  however,  is  the  fact  that  it  is 
formed  by  the  coalescence  of  a  greater  or  less  number  of  the  septa, 
whidi  unite  at  their  inner  ends,  fold  round,  and  form  the  walls  of 
thefowila. 

Upoa  the  whole,  the  genus  ZaphrentUf  as  illustrated  by  the 
gpftcJTnuns  found  in  Scotland,  may  be  readily  recognised  by  the 
complete^  m  comparatively  complete,  development  of  the  septal 
systeoL  Tbe  irrq^ar  development  of  the  tabuke,  as  presented  in 
tbe  longitadinal  section  (Fig.  4a),  and  the  existence  of  a  lai*ge 
and  oonqpionoua  fossula,  which  is  formed  by  the  coalescence  cen- 
tral^ of  a  portion  of  the  septa,  which  fold  round  and  form  its  walls, 
and  may  be  therefore  regarded  as  an  intermediate  group  between 
AmpUamB  on  the  one  hand  and  DensyphyUum  Dyhowakd  on  the 
other.  It  is  separated  from  Amplexus  by  the  greater  development 
of  the  s^tal  system.  In  the  latter  there  are  no  secondary  septa 
in  the  more  pronounced  types,  and  the  primary  septa  extend  for  a 
limited  extent  into  the  visceral  chamber,  and  are  usually  of  greatly 
shorter  length;  and  the  rudimentary  development  of  the  inter- 
septal  dissepiments  in  the  more  complete  forms,  and  the  greater 
development  of  the  tabulse,  which  usually  extend  from  side  to  side 
across  the  entize  space  occupied  by  the  visceral  chamber;  and 
from  DenayphyUwn^  from  the  fact  that  in  the  latter  the  septa 
always  converge,  and  unite  in  the  centre  of  the  visceral  chamber, 
and  the  interseptal  dissepiments  are  numerously  represented; 
And  from  Zaphrentia  (CyaJthophyUum)  eylinctrieum,  with  which 
it  was  long  associated,  by  the  fact  that  in  ZaphrentU  proper  there 
18  never  developed  the  broad  flat  tabulse  and  the  dense  zone  of 
interseptal  dissepiments  that  is  always  so  abundantly  developed  in 
this  and  the  allied  species  of  Cyathophyllum.  The  genus  is  more 
iibundantly  represented  in  the  carboniferous  deposits  of  Scotland 
than  in  any  of  the  former  periods,  and  attains  its  greatest  develop- 
ment m  the  lower  members  of  that  system.  In  the  upper  portion 
<d  the  same  series  they  are  not  only  dwarfed  and  stunted  in 
growth,  but  numerically  less,  and  appear  to  be  approaching 
extinction. 
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ZapItrentU  EmmkiUeni.     Edwards  and  Haime. 

Plate  III.,  Figs.  1,  1a,  1b,  Ic,  Id,  1b. 

Specific    Ohaructei's. — Corallum    simple,   tall,   cylindro-conic^H^i^BA, 
curved,  and  tapering  to  a  point.  .  The  calice  is  circnlar,  large,  ^  ■><1 

deep,  and  thin  at  the  lip  of  the  i)eriphery .  The  epitheca  is  moderat 
stout,  and  marked  with  longitudinal  ribs  and  shallow  annulatioiu 
growth.  The  septa  are  lamellar  and  stout,  and  on  the  donal  c 
of  the  corallum  they  converge  and  coalesce  at  a  third  of  its 
diameter  from  the  wall ;  and  on  the  ventral  side  they  oom 
inwards,  and  fold  round  and  form  the  walls  of  the  septal  fossc^^^^cnla. 
In  a  transverse  section  one  inch  in  diameter  there  are  fm^  — ^fty 
primary  septa,  and  these  alternate  with  an  equal  number  of 

secondary  septa,  which  ai'e  obscure,  and  represented  by  drrntiniB    — — ^te 
projections  about  half  of  a  line  in  length.     The  interseptal 
occupied  by  rectangular  dissepiments,  which  are  few  in  numi 
The  fossula  is  large  and  deep,  and  extends  into  the  centre  of 
visceral  chamber. 

Height  of  corallum,  3.^  inches ;  diameter  of  calice,  nearly  2  in< 
Formation,  Carboniferous;  Locality. — Found  in  the  thin 
of  shale  which  are  interstratiiied  with  the  thin  beds  of  linu 
near  the  base  of  the  marine  series,  at  Roughwood,  Beith,  Auoto-* 
skeoch.  Dairy,  Ayrshire  ;  and  at  Brockley,  Lesmahagow, 
shire. 

ZaphrentU  Grijfftthi,      Eklwards  and  Haime. 

Plate  III.,  Figs.  2,  2a. 

Specific   Charactera — Corallum   turbinate    and  curved, 
epitheca  is  thin,  and  marked  with  shallow,  irregular  annulati 
and  encircling  lines  of  gix)wth  and  longitudinal  i-ibs.     The 
is  circular  and  deep,  fully  a  third  of  the  total  length   of 
corallum  in  depth.     The  septa  are  lamellar,  and  conveige  to 
centre  of  the  visceral  chamber,  and  are  united  to  the  inner  end 
the  fossula.      In  a  ti*ansverse  section  eleven  lines  in  diam 
there  are  thirty-eight  primary  septa,  and  the  secondary  are  haxdM^ 
recognisable,  and  represented  by  obscure  tubercules,  and  each  ^ 
united  by  curved  intei'septal  dissepiments.      The  fossula  is  laig^ 
and  deep,  and  extends  into  the  centre  of  the  visceral  chamber,  and 
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on  the  yentral  side  of  the  corallum  a  portion  of  the  septa  fold 
rbimd  and  form  its  walls. 

Height  of  corallam,  1  inch  9  lines ;  diameter  of  calice,  1  inch 
1  line. 

Formation,  Carboniferous;  Locality. — Found  in  the  shale  that 
overlies  the  main  limestone,  at  Netherfield,  Avon,  Strathaven, 
Brocklej,  Lesmahagow,  Lanarkshire;  and  Charleston,  Fife- 
shire. 

This  species  is  readily  distinguished  from  all  the  other  species  by 
its  broad'  calice,  deep  fossula,  and '  the  septa  are  wider  apart,  and 
the  open  cellular  tissue  in  the  centre  of  the  visceral  chamber. 


Zaphrentis  pcUtUa,     Michelin. 

Plate  III.,   Figs.   3,   3a,  3b,  3c,  3d. 

Specific  Characters. — Corallum  simple,  tall,  conical,  and  curved, 
and  tapering  to  a  point  The  epitheca  is  stout,  and  marked  with 
longitudinal  ribs,  and  broad,  shallow  annulations  of  growth.  The 
calice  is  large  and  deep,  and  thin  at  the  lip  of  the  periphery.  The 
septa  are  lamellar,  thin,  and  of  irregular  length ;  some  of  them 
converge  to  the  centre  of  the  visceral  chamber.  In  a  transverse 
section  of  a  corallum  one  inch  in  diameter  there  are  fifty  primary 
septa,  which  alternate  with  an  equal  number  of  secondary  sej^ta. 
The  latter  extend  inwards  from  the  periphery  about  half  a  line  in 
length,  and  each  is  united  by  sparse  rectangular  interseptal  dissepi- 
ments. The  fossula  is  large,  and  situated  in  the  ventral  side  of 
the  corallum,  and  never  reaches  the  centre  of  the  visceral  chamber, 
and  a  portion  of  the  septa  fold  round  and  form  its  wall& 

Hei^t  of  corallum,  3  inches ;  diameter  of  calice,  1  inch  5  lines. 

Formation,  Carboniferous  ;  Locality. — Found  in  beds  of  shale, 
which  are  interstratified  with  the  thin  beds  of  limestone  near  the 
base  of  the  marine  series,  at  Itoughwood,  Beith,  Ayrshii-e. 

Zof^eniii  Botoerbanki,     Edwards  and  Haime. 

Pkte  III.,  Figs.  4,  4a,  4b,  4c,  4d. 

Specific  Characters. — Corallum  simple,  cylindro-conical,  and 
gUghtly  curved.     The  epitheca  is  stout,  and  marked  with  encircling 
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BtrisLf  and  broad,  shallow  annulatioiis  of  growth.  The  oaliee  is 
circular  and  shallow,  and  slightly  everted.  The  aepta  mte  well 
developed,  and  extend  more  or  less  into  the  centre  of  the  viioeral 
chamber,  and  are  slightly  curved  at  their  inner  ends.  In  a  tnns- 
vene  section  thirteen  lines  in  breadth  there  are  forly-foiir  primary 
septa,  and  the  seoondaiy  are  represented  by  minute  and  i&distmct 
tnbercules,  and  the  interseptal  spaces  are  occupied  with  xectKngular 
dissepiments.  In  a  longitudinal  section  the  tabuln  are  inegukr 
and  bend  down  towards  the  ventral  side  of  the  corallum,  and  tiiere 
are  irregularly-dispersed  groups  of  convex  cells  attached  at  intervals 
to  the  tabulffi.  There  are  exposed  five  interlamellar  strue  in  the 
space  of  a  line  on  the  dorsal  side  and  near  the  lower  extremily  of 
the  corallum.  The  fossula  is  large,  and  extends  to  the  centre  of 
the  visceral  chamber,  and  one  septum,  of  shorter  length  than  the 
others,  extends  into  it. 

Height  of  corallum,  2  inches  10  lines ;  diameter  of  calioe,  1  inch 
3  lines. 

Formation,  Carboniferous;  Locality. — Found  associated  with 
Lithostrocian  purceum  in  the  shale  that  is  interstratified  with  the 
thin  bands  of  limestone  that  overlies  the  productus  gigantea  lime- 
stone, at  Brockley,  Lesmahagow,  and  at  Shiels,  East  Kilbride, 
Lanarkshire,  and  Auchenskeoch,  Dairy,  Ayrshira 


Zaphrenlia  Guerofngeri,     Edwards  and  Haime. 

Plate  III.    Fig8.  5,  5a. 

Specific  Characters. — Corallum  simple,  tall,  cylindro-conical^  and 
curved.  The  epitheca  is  stout,  and  marked  with  encircling  lines, 
and  broad,  shallow  annulations  of  growth  and  delicate  longitudinal 
ribs.  The  calice  is  circular  and  deep,  and  is  fully  a  third  of  the 
total  length  of  the  corallum  in  depth.  The  septa  are  lamellar  and 
stout  near  the  periphery,  and  become  thin  at  their  inner  ends,  and 
do  not  reach  the  centre  of  the  visceral  chamber  on  the  dorsal  side 
of  the  corallum.  In  a  section  one  inch  and  four  lines  in  diameter 
there  are  forty-eight  primary  septa,  and  the  secondary  septa  are 
hardly  recognisable ;  they  are  represented  by  minute  tubercoles, 
and  each  are  united  by  rectangular  interseptal  dissepiments.  In  a 
longitudinal  section  the  tabula;  are  irregular,  and  bend  digbtlj 
down  towards  the  ventral  side  of  the  corallum.     There 
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interlamellar  siriffi  in  the  space  of  a  line.  The  fossula  is  large,  and 
extends  into  the  oeotre  of  the  visoeral  ehamber  on  the  ventral  side^ 
and  two  of  the  primary  septa  form  its  lateral  walls.  These  are 
united  at  their  inner  ends,  and  fold  ronnd  and  form  the  wall  in  the 
centre  of  the  central  area. 

'Sx&^ak  dt  oorallum,  3  inches  2  lines  (it  is,  however,  imperfect — 
a  portion  of  the  lower  extremity  is  wanting ;  diameter  of  calice,  1 
liuli  Slines. 

Formation,  Carboniferons ;  Locality. — Found  in  the  bed  of  shale 
that  OTetHes  the  bed  in  which  Streptorhynchns  crenestrea  is  so 
abnndant,  at  Anchenskeoch,  Dairy,  Ayrshire. 


ZaphretUie  Edwairdnana.    De  Koninck. 
Plate  IV.,  Figs.  1,  !▲. 

Specific  CharactersL — Gorallam  simple,  turbinate,  and  curved. 
Tho  epitheca  is  marked  with  encircling  stria,  and  broad,  shallow 
annulaiions  of  growth.  The  calice  is  circular  and  shallow.  The 
septa  are  lamellar,  and  short  on  the  dorsal  side.  They  extend 
inwards  from  the  periphery  for  two  lines,  then  they  are  attached 
to  the  broad,  flat  tabulae,  which  extends  across  the  centre  of  the 
visceral  chamber  for  six-tenths  of  the  total  diameter  of  the  corallimi; 
while  on  the  ventral  side  the  septa  extends  into  the  centre,  and  a 
few  of  them  coalesce  and  inpinge  upon  the  dorsal  half  of  the  coral- 
lom.  The  secondary  septa  are  short,  and  not  more  than  a  third  of 
a  line  in  length,  and  each  is  united  by  sparse  and  angular  inter- 
flsptal  diaepimentB.  The  fossula  is  large,  and  extends  into  the 
centre  of  the  visoeral  chamber,  and  one  of  the  primary  septa,  one 
line  long,  extends  into  it 

Height  of  corallum,  2  inches ;  diameter  of  calioe,  1  inch  1  line. 

Foimation,  Oarboniferous ;  Locality. — Found  in  a  bed  of  shale 
that  ovnliflB  the  bed  of  limestone  that  is  about  one  hundred  and 
twenty  feet  above  the  lowest  bed  of  marine  limestone,  at  Brockley, 
Lemabagow,  Lanarkshire. 

Thb  species  is  distinguished  from  all  the  other  species  of  the 
genus  by  its  broad  central  area,  and  the  septa  on  the  dorsal  side  of 
the  corallum  axe  considerably  shorter ;  and  from  Zaphrentis  Quran- 
geri,  its  nearest  ally,  by  the  thinner  epitheca,  and  the  septa  do  not 
extend  so  far  intQ  the  centre  of  the  visceral  chamber. 
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Zaphre^Uis  Cliffordana.     Edwards  and  Haime. 

Plate  IV.,  Figs,  2,  2a. 

Speciiic   Characters. — Coralluin    simple,   conica],   and   aligl^-^y 
curved.     The  epitheca  is  moderately  stout,   and  marked  -w-tSUi 
encircling  lines  and  irregular  annulations  of  growth  and 
tudinal  ribs.     The  calice  is  circular  and  everted.     The  septa 
lamellai*,  and  stop  short  of  the  centre  of  the  visceral  chamber         on 
the  dorsal  side  of  the  corallum,  and  there  are  a  series  of  inegt^i-hur 
cells  around  their  inner  ends,  which  are  attached  to  the  wall.      ^ 
the  large  cell  in  the  centre  of  the  centi'al  area.     In  a  section  ei^^ght 
and  a  half  lines  in  diameter,  there  are  thirty-two  primary  ae^  ->ta. 
'Vhe  secondary  septa  are  hardly  recognisable,  and  their  plac^^    ^ 
<xK!upied   by  inconspicuous  granules,  and  the  primaiy  septa       ^^ 
united  by  curved  interseptal  dissepiments.     The  fossula  is  sa^  ^^^ 
and  situated  on  the  ventral  side  of  the  coraUum,  and  one  of     ^^® 
piimary  septa,  a  third  of  the  length  of  the  others,  extends  into       ^^ 
Height  of  corallum,  1  inch  2  lines;  diameter  of  calioe^  9^ 
Formation,  Carboniferous;  Locality. — Found  in  the  shale 
overlies  the  bed  of  limestone  in  Boghead  Quany,  near  Hamil*'^***f 
Lanarkshire. 

ZapkrerUis  PhiUipsi.     Edwards  and  Haime. 
Phite  IV.,  Figs.  3,  3a. 

Speciiic    Chaitusters. — Coiallum    simple,   conical,   and  cu 
The  epitheca  is  stout,  and  marked  with   encircling  lines 
in*egular  shallow  annulations  of  growth.     The  calioe  is 
and  deep;  it  is  not  unfrequently  a  third  of  the  total  length  of 
corallum  in  depth.     The  septa  are  well  developed,  and  do 
extend  to  the  centre  of  the  viscei*al  chamber  on  the  dorsal  side  '- 
the  corallum,  while  on  the  ventral  side  they  extend  inwards  to 
central  area,  and  a  few  of  them  fold  round  and  form  the  walk 
the  fossula.     In  a  section  of  a  corallum  five  lines  in 
thei'e  are  twenty-eight   primary   septa,   which    are    stoat^ 
lamellar  near  their  outer  margins,  while  towards  their  inner 
they  are  thin  and  pointed,  and  these  alternate  with  an  eqi 
number  of  secondary  septa,  which  extend  inwards  for  half  a  line, 
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and  each  is  united  by  interseptal  dissepiments,  which  are  more  or 
less  carved.  The  fossula  is  large,  and  extends  to  the  centre  of  the 
yisoeral  chamber,  and  three  of  the  septa,  of  shorter  length  than 
the  others,  extend  into  it.  The  central  one  is  considerably  the 
shortest,  and  not  more  than  half  a  line  in  length.  In  the  longi- 
tudinal section  the  tabolie  bend  acutely  downwards  to  the  ventral 
side  of  the  corallum,  and  there  are  eight  interlamellar  striie  in  the 
space  of  a  line. 

Height  of  corallum,  11  lines;  diameter  of  calice,  7  lines. 

Formation,  Carboniferous ;  Locality. — Found  in  a  bed  of  shale, 
the  bed  in  which  Streptorhynchus  crefiiestrea  is  found  so  abundantly, 
in  Auchenskeoch,  Dairy,  Ayrshire. 


ZaphrenJtia  curviUeiia.     Thomson.     Sp.  nov. 

PUte  IV.,  Fig.  4. 

Specific  Characters. — Corallum    simple,   conical,   and  curved. 

The  epitheca  is    stout,  and   marked   with  encircling  lines  and 

shallow  annulations  of  growth.     The  calice  is  shallow  and  everted. 

The  septa  are  lamellar,  thin,  numerous,  and  well  developed,  and  at 

their  inner  ends  they  are  a  third  of  the  total  diameter  of  the 

corallum  from  the  latro-dorsal  side.     They  then  curve  and  fold 

round  upon  each  other,  from  which  I  take  the  specific  name.     In 

a  section  ten  lines  in  diameter,  there   are  forty-four  primary, 

sitemating  with  an  equal  number  of  secondary  septa ;  the  latter 

<^tend  inwards  for  about  a  half  of  a  line  on  the  dorsal  side,  while 

<^  the  ventral  side  of  the  corallum  they  ai*e  hardly  recognisable, 

-^x^d  represented  by  minute  pointed  granules,  and  each  is  united  by 

^^©otangular  interseptal  dissepiments,  which  are  few  in  number. 

ie  foflsula  is  large,  deep,  and  extends  inwards  to  the  centre  of 

visceral  chamber,  and  a  portion  of  the  primary  septa  fold 

and  form  its  walls  on  the  ventral  side  of  the  corallum. 

meigjit  of  corallum,  1  inch,  10  lines;  diameter  of  calice,  1  inch, 

iine- 

^ormation,  Carboniferous;    Locality. — Found  associated   with 

-^^'^^hostrocian  junceum  in  the  upper  thin  bands  of  limestone  and 

*^^Ue  which  characterise  the  upi)er  portion  of  the  lowest  beds  of 

^^^'Ixmilerous    limestone,    at     Brockley,     Lesmahagow,    Lanark- 
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ZaipkrmUu  iubereulaiii.    Thomaon.     Sp.  nov. 
PlafcelV.,  FigB.5,  5a. 

SpedfioCharactera. — Ck>raUam  simple,  turbinate^  and  curved.  The 
epitheca  is  thin,  and  marked  with  encircling  striae  and  inegolar 
annolations  of  growths  There  are  longitudinal  ribe,  and  iiregolarlj- 
dispersed  tubercles.  The  calico  is  shallow  and  circular;  The  aepta 
are  smaller,  and  do  not  reach  the  centre  of  the  Yiaoeral  diamber 
on  the  dorsal  side  of  the  corallum,  while  on  the  ventral  aide  they 
converge  inwards  to  the  centre  of  the  central  area^  In  a  trans- 
verse section  four  and  a  half  lines  in  diameter  there  are  twenfy-four 
primary  septa,  and  the  secondary  septa  are  hardly  reoogniaable. 
They  are  represented  by  minute  pointed  denticles,  and  each  is 
united  by  spai'se  rectangular  interseptal  dissepiments.  The  tabxilA 
occupy  the  central  area,  and  are  inclined  downwards  to  the 
ventral  side  of  the  corallum,  and  the  interseptal  area  is  oocapied 
by  large  convex  cells,  convexity  pointing  upwards  and  ontwaidsL 
The  fossula  is  small,  and  situated  on  the  dorsal  side  of  the  coraUam. 
and  one  of  the  primary  septa,  of  shorter  length  than  the  others, 
extends  into  it  There  are  two  lateral  depressions  or  (paeodo- 
foesula)  extending  into  the  centre  of  the  central  area. 

Height  of  corallum,  1  inch ;  diameter  of  calice,  8  linea. 

Formation,  Carboniferous;  Locality. — Found  associated  with 
Idthostrocian  junceum  in  beds  of  shale  that  is  interstratified  with 
the  thin  bands  of  limestone  which  characterise  the  upper  portion 
of  the  section  of  the  lower  members  of  the  marine  limeBkme^  at 
Brockley,  Lesmahagow,  Lanarkshire. 

Zaphrentis  granuUuis,     Thomson.     Sp.  nov. 
Plate  IV.,  Figs.  6,  6a. 

Specific  Character. — Coralliun  simple,  tall,  and  (^lindro-oomical. 
The  epitheca  is  stout  and  marked  with  crenulate  encircling  stria 
and  irregular  annulations  of  growth,  and  there  are  numerous 
granules  all  over  its  surface.  The  calice  is  (imperfect)  drcnlar,  tay^ 
moderately  deep.  The  septa  are  well  developed,  and  extend  to 
the  centre  of  the  visceral  chamber,  and  in  this  respect  is  the 
nearest  ally  to  the  genus  Densyphyllum  DybowskL     In  a  trana- 


Mb.  Jaxbs  Thomson  on  the  Genua  AlveolUes,  dic.      225 

vene  Bectian  four  lines  in  diameter  there  are  twenty-six  septa^ 
and  each  is  united  by  spatse  rectangular  interaeptal  dissepiments. 
The  fossola  is  narrow,  and  extends  into  the  centre  of  the  central 
area,  and  one  of  the  septa,  half  the  length  of  the  others,  extends 
into  it. 

Height  of  corallum,  1  inch  3  lines;  diameter  of  calice,  6 
lines. 

Formation,  Carboniferous ;  Locality. — Found  in  a  dark  arana 
ceons  shale  that  overlies  the  lowest  beds  of  marine  limestone,  at 
Charleston,  Fifeshire. 

This  species  is  closely  allied  to  Zaphrentia  SmUhii^  Thomson,  but 
is  readily  distinguished  from  that  species  by  the  possession  of 
stouter  septa,  which  converge  to  the  centre  of  the  visceral  chamber, 
the  smaller  fossula,  and  the  dense  granular  structure  of  the 
epitheca,  from  which  I  take  the  specific  name.  In  the  arrange- 
ment of  the  septa  it  approaches  so  closely  to  the  structural 
details  of  Densyphyllum  Dybowski,  that  I  had  great  doubts 
whether  it  ought  not  to  be  classed  amongst  that  group.  When 
they  flBdl  to  be  considered,  it  however  possesses  characteristics  that 
ally  it  to  the  genus  Zaplurentie,  and  may  be  r^arded  as  a  passage 
from  between  thede  two  genera* 

ZaphreifUis  spintUosa,     Edwards  and  Haime. 
PlateIV.,Fig8.  7,  7a,  7b. 

Specific  Characters. — Corallum  simple,  turbinate,  and  curved. 
The  epitheca  is  moderately  stout,  and  marked  with  irregularly- 
dispersed  spines  and  irregular  and  broad  annulations  of  growth. 
The  calice  is  circular  and  dhallow.  The  septa  do  not  reach  to  the 
centre  of  the  visceral  chamber ;  they  stop  short  of  the  centre  at 
about  a-fourth  of  the  total  diameter  of  the  corallum,  and  the 
centre  is  occupied  with  a  flat  tabula.  In  a  transverse  section  five 
and  a  half  lines  in  diameter  there  are  twenty-eight  primary  septa, 
wiiich  alternate  with  an  equal  number  of  secondary  septa.  Tho 
latter  are  in  the  form  of  minute  denticles,  and  each  is  united  by 
sparse  rectangular  interseptal  dissepiments.  The  fossula  is  small, 
and  one  of  the  primary  septa,  of  greatly  shorter  length  than  the 
others,  extends  into  it.  In  the  longitudinal  section  the  tabular 
are  irregular,  and  are  deflected  downwards  to  the  ventral  side  of 
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the  ooralluni,  and  there  aire  seven  interiameUu*  strie  in  the  spioe 
of  a  line,  which  pasB  inwards  and  acutdj  don n wards. 

Height  of  coralluni,  I  inch  ;  diameter  of  calioey  7  lines. 

Formation,  Carboniferous;  Locality. — Found  in  tliin  hedi  of 
shale  that  are  interstratiiied  with  thin  bands  of  limestone  tiiit 
overlie  the  productus  limestone,  ai  BroeUey,  Lesmahagov, 
Lanarkshire. 


Zaphrentis  bice^Urica,     Thomson.     Sp.  nov. 
Plate  IV..  Figs.  8,  Sa,  8b,  8c. 

S^iecific  CharactersL  — Corallum  simple,  small,  trochoid,  anddurrei 
The  epitheca  is  thin,  and  marked  with  encircling  stria^  and  shsDoVy 
broad  annulations  of  growth,  and  there  are  spinous  protabefsnoei 
dispersed  over  its  sur&ce.     The  calice  is  circular  and  de^    ^ 
^pta  are  irregularly  developed.     Those  on  the  dorsal  side  v» 
short,  and  extend  inwards  less  than  a  third  of  the  total  diamefev 
of  the  corallum,  while  those  on  the  ventral  side  extend  bejoin 
the  centre  of  the  central  area,  and  curve  round  and  fonn  tba 
walls  of  the  fossula.     In  a  transverse  section  five  and  a  half  lin* 
in  diameter  there  arc  twenty-six  primary  septa,  and  the  seoondiiy 
septa  are  hardly  recognisable.     They  are  minute,  and  bend  towards 
the  primary  and  become  attached,  and  form  a  minute  angnlsr  oelX 
at  their  junction  ik'ith  the  periphery,  and  each  is  united  by  remotes 
interseptal  dissepiments.     The  fossula  is  large,  and  situated 
the  dorsal  side,  and  extends  inwards  for  two-thirds  of  the 
diameter  of  the  corallum,  and  two  of  the  primary  septa,  of  gw^*^^^' 
shorter  length  than  the  others,  extends  into  it. 

Height  of  corallum,  8  lines ;  diameter  of  section,  rij^  line& 

Formation,  Carboniferous;   Locality. — Found  in  beds  of 
that  are  interstratified  with  the  thin  beds  of  limestone  that  oi 
the   productus    limestone,    at    Brockley,    Lesmahagow, 
shire. 

This  species  is  readily  distinguished  from  any  of  the 
<:ulated  forms  by  the  possession  of  a  deep  and  large  calioe^ 
short  and  stout  septa  in  the  dorsal  side  of  the  corallum,  and 
Zapli.  denticidata  by  the  greater  development  of  the  tuberculflB  d* 
the  epitheca  and  the  arrangement  of  the  septa.  ^  # 
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ZofkreiUia  pachyaepta.     Thomson.     Sp.  nov. 

Plate  IV.,  Pig.  9. 

fie  Characters. — Gorallum  simple,  small,  conical,  and  curved, 
itheca  is  stout,  and  marked  with  shallow  aiinulations  and 
x  lines  of  growth.  The  calice  is  circular  and  moderately 
The  septa  are  thick,  and  on  the  dorsal  side  of  the  corallum 
3  curved,  and  coalesce  at  the  iimer  extremity  of  the  deep 

and  on  the  ventral  side  they  converge  inwards,  bend  to, 
ind,  and  form  its  walls.  In  a  transverse  section  five  lines 
eter  there  are  twenty-six  septa  which  are  united  by  sparse, 
ct,  interseptal  dissepiments.  The  fossula  is  large,  and 
a  little  beyond  the  centre  of  the  visceral  chamber,  and  three 
lepta,  half  the  length  of  the  others,  extend  into  it     There 

lateral  depressions,  and  a  septum  of  shorter  length  extends 
3m  both. 

ht  of  corallum,  1  inch ;  diameter  of  calice,  6  lines, 
lation.    Carboniferous;     Locality. — Found    in   arenaceous 
lat  overlies  the  lowest  bed  of  marine  limestone,  at  Charles- 
feshire. 

species  is  readily  distinguished  from  all  the  other  species 
^us  by  its  thick  septa  and  by  the  form  and  arrangement 
foflsola. 

Zaphrentis  centrodis,     Edwards  and  Haime. 

Plate  IV.,  Figs.  10,  10a,  10b,  10c. 

ific  Characters. — Corallum  simple,  conical,  and  cui*ved.  The 
a  is  moderately  stout,  and  marked  with  encircling  lines,  and 
irr^;ular  annulations  of  growth  and  longitudinal  ribs.  The 
B  circular,  and  moderately  deep.  The  septa  are  lamellar  in 
er  margins,  and  become  single  and  delicate  as  they  approach 
itre  of  the  visceral  chamber  \  then  they  coalesce  and  form 
,  and  the  central  septum  of  each  group  extends  inwards,  and 
I  the  centre  of  the  central  area.  In  a  section  nine  lines  in 
er  there  are  thirty-four  primary  septa,  and  the  secondary 
re  represented  by  minute  denticles,  and  each  is  \mited  by 
angular  interseptal  dissepiments.    The  fossula  is  large,  and 
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situated  on  the  veutral  side  of  the  coral lum,  and  extends  to  tl 
centre  of  the  visceial  chamber,  and  one  of  the  primary  sepi 
extends  one  line  into  it 

Height  of  corallum,  2  inches ;  diameter  of  calice,  11  lines. 

Formation,  Carboniferous ;  Locality. — Found  in  shale  that 
lies  the  lowest  bed  of  limestone,  at  Broadstone,  Beith,  Ayrshire. 


Jiaphrentis  clavcUis,    Tliomson.     Sp.  nor. 

PktelV.,  Figs.  11,  11a. 

Specific  Characters. — Corallum  simple,  small,  and   turbinate- 
The  epithcca  is  thin,   and    marked   with    encircling  stria  a: 


irregular  shallow  annulations  of  growth,  and  there  are  promin^^i}/ 
tubercules  sparsely  distributed  over  its  surface.     The   calice       i 
circular  and  shallow.     The  septa  are  well  developed,  and  exX^Td 
to  near  the  centre  of  the  ^-isceral  chamber.     At  their  outer  matgin 
they  arc  thin,  and  stout  towards  their  inner  ends,  and  assume  a 
more  or  less  clavate  form,  from  wliich  I  take  the  specific  name. 
In  a  transverse  section  ^xe  and  a  half  lines  in  diameter  there  aie 
twenty-six  primaiy,  which  alternate  with  an  equal  number  of  second- 
ary septa.    The  latter  extend  inwards  from  the  periphery  for  about 
half  a  lino,  and  each  is  united  by  rectangular  interaeptal  dissepi- 
ments.    Tlic  fossula  is  large,  and  extends  into  the  centre  of  the 
centi-al  area,  and  a  septum,  of  half  the  length  of  the  others,  extends 
into  it. 

Height  of  corallum,  10  lines;  diameter  of  section,  5  lines. 

Formation,  Carboniferous;  Locality. — Found  in  shale  that  is 
interstratifiecl  with  thin  bands  of  limestone  that  overlie  the 
productus  limestone,  at  Brockley,  Lesmahagow,  Lanarkahirei 

This  species  is  readily  distinguished  from  ZaphrmU»  tub^reulaikm 
by  the  larger  septal  fossula  and  the  clavate  aspect  of  the  aepta. 


Zaphrentia  Koniiicki,     Edwards  and  Haime. 
Plate  IV.,  Figs.  VI,  12a. 

Si>eoific  Characters. — Corallum  simple,  small,  conical,  and  curved. 
he   epithcca   is  Ktout,  and  marked   with  encircling  atria  and 
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flhallow  aninilations  of  growth  and  longitudinal  ribs.  The  calioe 
is  circular  and  deep.  The  septa  are  lamellar  and  stout,  and  con- 
verge inwards  and  fold  round  the  inner  extremity  of  the  fossula 
in  the  centre  of  the  visceral  chamber.  In  a  section  four  and  a 
half  lines  in  diameter  there  are  thirty  primary,  and  these  alternate 
with  an  equal  number  of  secondary  septa.  The  latter  extends 
inwards  from  the  periphery  for  a  third  of  a  line,  and  each  is 
united  by  rectangular  interseptal  dissepiments.  The  fossula  is 
narrow  and  extends  into  the  centre  of  the  central  area,  and  one  of 
the  septa,  of  shorter  length  than  the  others,  extends  into  it. 

Height  of  corallum,  10  lines;  diameter  of  calice,  6  lines. 

Formation,  Carboniferous ;  Locality. — Found  in  a  bed  of  shale 
that  overlies  the  bed  in  which  Streptorhynchue  crenestrea  is  found 
abundant,  in  Auchenskeoch,  Dairy,  Ayrshire. 


ZaphrenUa  echinatia.     Thomson.     Sp.  nov. 
Plate  IV.,  Fig8.  13,  13a. 

Specific  Characters. — Corallimi  simple,  cylindrx)-conical,  and 
curved.  The  epitheca  is  stout,  and  marked  with  encircling-  lines 
and  broad  annulations  of  growth,  and  near  the  base  of  the  corallum 
there  are  a  number  of  irregularly-dispersed  obtuse  spine  processes. 
The  calice  is  deep  and  the  septa  are  stout,  and  on  the  doi'sal  side 
they  converge  inwards  to  near  the  centre  of  the  visceral  chamber, 
where  they  coalesce  and  form  a  dense  vertical  wall  of  sclerenchyma 
on  the  dorsal  side  of  the  central  area.  The  septa  are  of  two  ordera 
There  are  thirty  primary,  which  alternate  with  an  equal  number 
of  secondary  septa.  The  latter  are  sharp  spine-like  processes,  and 
extend  inwards  for  two-thirds  of  a  line  from  the  periphery,  and 
«ach  is  united  by  sparse  and  rectangular  interseptal  dissepiments. 
The  fossula  is  large,  and  converges  to  near  the  centre  of  the 
central  area,  and  one  of  the  primary  septa,  half  the  length  of  the 
others,  extends  into  it.  The  central  area  is  a  small,  flat,  hollow 
depression,  and  surrounded  by  the  wall  formed  by  the  union  of 
the  inner  ends  of  the  septa. 

Height  of  corallum,  1  inch  9  lines ;  diameter  of  calice,  1 1  lines. 

Formation,  Carboniferous ;  Locality.  —  Found  in  the  shale 
ikat  ovoriieB  the  lowest  bed  of  limestone,  at  Charleston,  Fife- 
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Zaphrenlia  ampkUfteca.     Thomaon.     Sp.  dov. 
Plate  IV.,  Figs.  14.  U.%,  14b,  14<\ 

Specific   CImracteni. — Corallum    simple,   hiuall,    trochoid,   an^Ez^-^^ 
curved.      The  epitheca   is   moderately  stoat  and   marked   witt^-^^ 
encircling  sti-ia,  shallow  annulatioiLS  of  growth,  and  stout  costaT 
riba.     The  csilice  is  circular  and  moderately  deep.     The  septa 
lamellar,  and  at  their  inner  eniUi  the  lamellae  curve  round  th».«^^e 
interseptal  space,  and  bend  inwards,  and  form  the  lamellie  of  thv.tff'^ 
neighbouring  septum,  and  representing  a  series  of  deep  ooiiTola.K^  MUi- 
tions,    and     thiLs    form    a    pseudo-mesotheca ;    and    the    interrv^'^r- 
lamellar  spaces  are  oj>eu  at  their  outer  extremities,  leaving  an  opeotfZK'^^D, 
free  communicsition  with  the  interthecal  space,  and  presents  a^  ^ 

double  wall     At  the  angle  of  each  fold  there  is  a  minute  verUca'  ^M"^/ 
|>b.te,    which   passes  from   the   inner   to    the    outer   wall,   thiL-^K— 3t^ 
representing  a  series  of  minute  interthecal  vertical  cells.     Th^   '^ 
fossula  is  large  and  deep,  and  the  inner  ends  of  the  septa  folcz^ 
round  and  form  its  walls ;  and  its  width  is  a  fourth  of  the  totiu.  '^ 
diameter  of  the  corallum  ;  and  it  extends  across  the  centre  of  tiitf* 
visceral  chaml^er  for  nearly  three-fourths  of  its  total  diameter. 

Height  of  corallum,  8i  lines;  diameter  of  calioe,  5  lines. 

Formation,  Carboniferous;  Locality. — Found  in  shale  that  ifr 
interstratified  with  tlie  thin  beds  of  limestone  near  the  base  of  the 
carboniferous  system,  at  Brockley,  Lesmahagow,  Lanarkshire. 

This  remarkable  species  differs  so  widely  from  all  the  olher 
species  of  the  genus,  in  the  j)osse8sioii  of  the  double  wall  and  the 
vertical  plates  in  the  interthecal  s^^ace,  that  I  did  regard  it  as 
possessing  chai-acters  of  generic  distinction.  But  the  deep  fossula^ 
and  from  the  fact  that  the  inner  ends  of  the  septa  fold  round  and 
form  its  walls,  as  in  Zaphrentis  proper,  allied  it  so  doeely^  and 
which  I  believe  to  be  the  character  of  prijnary  importance  in  the 
definition  of  the  genus,  induced  uie  to  abandon  the  creation  of  a 
new  genus  for  it  and  allied  forms.  And,  therefore,  I  r^raxd  the 
double  wall  as  only  sufficiently  distinct  for  the  specific  name^ 

ZaphrentU  vertniculariif.     De  Koidnck. 
Plate  IV.,  Fig.  15. 

Specific  Characters. — Corallum  simple,  small,  conical,  and  curved. 
The  epitheca  is  thin,  and  marked  with  encircling  stria  and  shalknr 
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aanulations  of  growth  and  longitudinal  libs.  The  calice  is  circular, 
shallow,  and  everted.  The  septa  ai-e  delicate  and  well  developed. 
Thej  \mite  in  bundles  of  four  and  five  near  their  inner  ends,  and 
five  of  the  central  ones  of  each  bundle  converge  to  the  dorsiil  side 
of  the  corallum,  and  then  unite,  and  assume  a  pentagonal  stellate 
aspect  In  a  transverse  section  fully  three  lines  in  diameter  there 
are  twenty-two  septa  of  unequal  length.  There  is  no  interseptal 
dissepiments  visible.  The  fossula  is  large,  and  extends  beyond  the 
centre  of  the  visceral  chamber  to  the  dorsal  side  of  the  corallum. 

Height  of  corallum,  5  lines ;  diameter  of  calice,  4  lines. 

Formation,  Carboniferous ;  Locality. — Found  in  the  thin  bands 
of  shale  that  are  interstratified  with  the  thin  beds  of  limestone  which 
characterise  the  upper  portion  of  the  lower  members  of  the  marine 
series  of  that  system  in  Scotland,  at  Brockley,  Lesmahagow, 
Lanarkshire. 

ZaphreiUia  cyaihina.     De  Koninck. 
PUte  IV.,  Figs.  16,  16a,  16b,  16<.'. 

Specific  Characters. — Corallum  simple,  conical,  cylindro-conical^ 
and  curved.  The  epitheca  is  stout,  and  marked  with  encircling 
stria,  and  shallow  annulations  of  growth,  and  longitudinal  ribs. 
The  calice  is  circular  and  moderately  deep.  The  septa  are  lamellar 
and  converge  inwards,  and  on  the  latro-ventral  side  they  gently 
bend,  unite,  and  fold  round  the  inner  end  of  the  fossula.  In  a 
■ectiony  four  and  a-half  lines  in  diameter,  there  are  twenty 
primaiy  septa,  and  the  secondary  septa  are  hardly  recognisable. 
They  are  represented  by  obtuse  conical  granules.  The  interseptal 
dissepiments  are  indistinct  and  few  in  number.  The  fossula  is 
laigey  and  situated  on  the  latro-ventral  side  of  the  corallum,  and 
extends  into  the  centre  of  the  visceral  chamber,  and  at  its  inner 
margin  it  is  somewhat  broader  than  towards  the  outer  extremity, 
and  one  of  the  septa,  of  shorter  length  than  the  others,  extends 
into  it 

Height  of  corallum^  8  lines ;  diameter  of  calice,  5  lines. 

Fonnation,  Carboniferous ;  Locality. — Found  in  the  shale  that 
orerlies  the  uppermost  marine  limestone  of  the  system  at  Gare, 
Ourlnke^  lisnarkahire ;  and  in  arenaceous  shale  that  overlies 
tbe  lowest  beds  of  marine  limestone  of  the  series  at  Charleston^ 
FifSoshire. 
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Zaphrentis  inUrmedia,     De  Koninck. 
Plate  IV.,  Fig.  17,  17a. 

Specific  Characters. — Corallum  simple,  small,  and  ooniqJ. 
epitheca  is  moderately  stout,  and   marked  with  encircling 
and  shallow  annulations  of  growth,  and  longitudinal  ribs. 
calice  is  deep  and  circular.     The  septa  stop  short  of  the  centre 
the  visceral  chamber.       In  a  transverse  section  foor  Unas 
diameter  thci-e  are  twenty  piimary  septa,  and  these  alternai 
with  an  equal  number  of  secondary  septa,  the  latter  are 
and  extend  inwaixls  from  tlic  i)eriphery  for  about  a  third  A 
line,  the  interaoptal  dissepiments  are  sparse,  the  foesula  is 
and  one  of  the  primary  septa,  half  the  length  of  the 
extends  into  it. 

Height  of  corallum,  7  lines ;  diameter  of  calice,  4  linei. 

Formation,  Carboniferous  ;  Locality. — Found  in  a  bed  of  shale 
that  overlies  the  upper  maiine  limestone  of  the  carboniferoos 
system  in  Scotland,  at  Gare,  Carluke,  Lanarkshire. 

Zaphrentia  Omaliusi     Edwards  and  Haima 
Plate  IV.,  Figs.  18,  18a. 

Spediic  Characters.  —  Corallum  simple,  cylindro-oonicaly  and 
curved.  The  epitheca  is  stout,  and  marked  with  crennlale 
encircling  stria  and  irregular  annulations  of  growth  and  ooetal  rflm. 
The  calice  is  circular  and  deep.  The  septa  converge  to  the  centre 
of  the  visceral  chamber  on  the  ventral  side,  and  fold  round  and 
form  the  walls  of  the  fossula,  whilst  those  on  the  dorsal  side  cfeqp 
short  of  the  centre,  and  at  their  inner  ends  there  is  a  sab-oentral 
cell,  obovate  in  outline,  and  the  inner  end  of  tlie  septa  are  attached 
to  its  wall.  Ill  a  transverse  section  four  lines  in  diameter  tkore 
are  twenty-four  septa,  and  eacli  is  imited  by  sparse  rectangular 
interserseptal  dissepimenta  The  fossula  is  narrow,  and  extends 
into  the  centre  of  the  central  area. 

Height  of  corallum,  1  inch  1  line ;  diameter  of  section,  4  lines. 

Formation,  CarlK)niferous ;  Locality. — Found  in  a  bed  of  arensr 
ceous  shale  that  is  superimposed  upon  the  lowest  bed  of  msiine 
limestone,  at  Charleston,  Fifeshii'e. 

This  species  is  distinguished  from  Zaphrtniu  intermedia  faj  the 
thicker  wall,  and  the  septa  do  not  meet,  but  are  attached  to  tlie 
central  cell  in  the  centre  of  the  visceral  chamber. 


It^eadmys  J^il  Sor  fGlasyw.  Piatf  i. 


i 

5A 


"»".*./>  «.fc^«,^^ 


Mb.  Jaxxb  Thomson  <m  ike  Genu9  AheoUUSy  o^c.      233 

EXPLANATION  OP  PLATES. 

Plate  L 

ig,  \.—AloeoUiu  sqpiMo.    Edwards  and  Haime.     A  transverse  section, 

natoralsize. 
„     1a. — A  transverse  section  of  the  same,  magnified  three  diameters. 
„    2. — AlveoUies  aeptoia.    Edwards  and  Haime.    A  transverse  section  of 
the  granular  variety,  from  Dunbar,  from  same  locality  as  Dr. 
Fleming's  type  specimen. 
2a. — A  transverse  section  of  the  same,  magnified  three  diameters. 
3. — A  transverse  section  of  the  same,  enlarged  twelve  diameters. 
4. — AlveolUea  depresaa,    Edwards  and  Haime.    A  transverse  section, 

natural  size. 
4a. — A  transverse  section  of  the  same,  enlarged  three  diameters. 
5. — AlveoUtM  capUkarU.    Phillips.    A    transverse    section,    natural 


•» 

>t 

> 
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5a. — A  transverse  section  of  the  same,  enlarged  three  diameters. 

6. — Alveolites  Btheridgii,    Thomson.    Sp.  no  v.    A  transverse  section, 
natural  size. 

6a. — A  transverse  section,  enlarged  three  diameters. 

6b. — A  longitudinal  section  of  the  same,  natural  size. 

6a — A  longitudinal  section,  enlarged  three  diameters. 

6d. — A  transverse  section  of  the  same,  natural  size,  showing  the  ver- 
micular and  tubercular  structure  in  one  portion  of  the  section, 
whilst  in  another  part  of  the  same  corallum  those  peculiarities 
of  structure  are  totally  wanting. 
,     7. — A  longitudinal  section  greatiy  enlarged,  to  show  the  granular 

structure  and  the  arrangement  of  the  mural  pores, 
a     8. — A  transverse  section,  greatly  enlarged. 

Platb  n. 

ig.  1. — Amplexua  coraUoides — Sowerby— showing  outline  and  external 
aspect  of  the  corallum.  Lower  carboniferous,  Broadstone, 
Beith,  Ayrshire. 

n    lA. — A  traosverae  aeotieik  of  the  same. 

„     1b. — A  longitudinal  section  of  the  same. 

i,    2L — Ampiaau  SowerbiL    Phillips.    A  longitudinal  section. 

„  2a.— A  trauvcnB  aeetum  of  the  same,  natural  size.  Lower  carbonifer- 
ous, Aucbenskeoch,  Dairy,  Ayrshire. 

„    3. — Amplexua  eerpuloides.    De  Koninck^ 

„    3a. — ^A  longitudinal  section  of  the  same,  natural  size. 

„    3ai. — A  thmsverse  seetion  of  the  same,  natural  size.    Lower  carbonifer- 

-  »  • 

OQB,  Broekley,  Lesmahagow,  Lanarkshire. 
,y    4. — Ampkxm  nodutoms.    Phillips. 
^    4a*— ▲  tnoiwiA  section  of  the  same,  natural  sise. 
,    4b. — ^A  longitudinal  section  of  another  specimen,  natnral  size. 
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A  transverse  section  of  the  same,   natniml  siae.     Lower  car- 
boniferons,  Brockley,  Lesmahagow,  Lanarinhire. 
AmpkxM  gpinomu.     De  Koninck. 
-A  transverse  section  of  the  same,  natural  aiaa. 
-A  longitudinal  section  of  another  specimen,  natural  aiae. 
-A  transverse  section  of  the  same,  natural  aiae.     Lower  carbooifer 

oos,  Brockley,  Lesmahagow.  Lanarkshire. 
Ampleoms  irrtgvlarutt.    Thomson.    Sp.  noT.,  natural  alse. 
— A  transverse  section  of  the  same,  natural  aiae. 
-Amplexus  comi/armua.     Lndwig. 
— ^A  transverse  section  of  the  same,  natural  siie. 
— A  longitudinal  section  of  another  specimen,  natural  aiae. 
— A  transverse  section  of  the  same,   natural  siae.      Lower 

boniferous,  Brockley,  Lesmahagow,  Lanarkshire. 
-Amplexun  Hctimeanus,     De  Koninck,  natural  siae. 
— A  transverse  section  of  the  same,  natural  siae. 
-Another  specimen  of  the  same,  natural  siae. 
—A  transverse  section  of  the  same,  natural  siae,  in  which 
septa  are  longer,  and  the  interseptal  dissepiments  are 
numerous.      Lower    carboniferous,     Brockley, 
Lanarkshire. 
-Amplexus  Heiuflom.     Edwards  and  Haime. 
— A  transverse  section  of  the  same,  natural  siae. 
— A  longitudiuid  section  of  the  same,  natural  siae.     Lower 
boniferous,  Broadstone,  Beith,  Ayrshire. 


Platk  III. 


Fig. 
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1. — ZaphreiUvt  EimiskiUtni.     Edwards  and  Haime. 

1a. — A  transverse  section  of  the  same.    This  section  is  cut  about 

16th  of  an  inch  above  the  superior  tabula,  conseqmently 

are  no  interseptal  dissepiments  represented. 
1b.— A  transverse  section  of  the  same,  natural  siae,  and  cut  half 

inch  below  the  floor  of  the  calioe. 
Ic. — A   transverse  section  of  the  same,  cut   one    inch    below 

floor  of  the  calice. 
Id. — A  transverse  section  of  the  same,  cut  one  and  a-balf  indi  bdo' 

floor  of  the  calice. 
1e. — A  transverse  section  of  the  same,  cut  two  inohea  below  tha  fl 

of  the  calice.    Lower  carboniferous,  Rong^wood,  Beith,  A 

shire.* 


*  1  hare  represented  sccUons  from  different  parts  of  the  corallom  of  this  ^ecles,  slw 
Fig.  n,  in  order  to  sliow  that  the  structural  characters  are  eontiimoat  from  the  sapsriar 
the  inferior  extremities  of  each  (unless  in  the  case  of  abnormal  or  paaa^^  formsX  abA 
show  that  no  reliance  can  be  placed  in  an  assertion  recently  made><.e.,  that  dfffennt 
can  be  created  by  making  sections  at  different  parts  of  the  same  corsUiuB<'-a  reaolt  that  I 
not  been  able  to  accomplish. 
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'2aphretUi8  OrifiUlu.  Edwarda  and  Haime.  A  transverse  section, 
showing  the  large  fossola,  extending  to  the  centre  of  the  visceral 
chamher,  and  cat  a  little  below  the  floor  of  the  calioe. 

— ^A  transverse  section  of  a  smaller  specimen,  cat  midway  between 
the  floor  of  the  calice  and  the  base  of  the  corallam.  Lower 
carboniferous,  Charleston,  Fifeshire. 

-Zaphrentis  patula,  Michelin.  A  transverse  section,  cat  imme- 
diately below  the  floor  of  the  calioe. 

— A  transverse  section  of  the  same,  cat  one  half  of  an  inch  farther 
down* 

— A  transverse  section  of  the  same,  cut  one  half  of  an  inch  below  3a. 

^A  transverse  section  of  the  same,  cut  one  half  of  an  inch  below 
the  preceding. 

. — ^A  transverse  section  of  the  same,  cut  one  half  of  an  inch  below 
the  preceding.  Lower  carboniferous,  Roughwood,  Beith,  Ayr- 
shire. 

-Zaphren^  Bowerbanki,  Edwards  and  Haime.  A  longitudinal 
section,  showing  the  arrangement  of  the  tabulae,  and  the  cellular 
tissue  that  is  exposed  in  the  longitudinal  and  also  in  the  trans- 
verse sections  at  the  inner  ends  of  the  septa  and  around  the 
inner  extremity  of  the  fossula  in  the  centre  of  the  visceral 
chamber. 

— ^A  transverse  section  of  the  same,  cut  a  little,  below  the  floor  of 
the  calice. 

—A  transverse  section  of  another  specimen,  cut  fully  a  quarter  of 
an  inch  below  the  floor  of  the  calioe. 

— ^A  transverse  section  of  another  specimen,  cut  one  quarter  of  an 
inch  below  the  floor  of  the  calice. 

. — A  trasverse  section  of  another  specimen,  cut  a  quarter  of  an  inch 
from  the  base  of  the  corallum.  Lower  carboniferous.  Shields, 
East  Kilbride,  Lanarkshire. 

^ZaphrerUia  Ouerangeru  Edwards  and  Haime.  A  longitudinal 
section,  showing  the  irregular  tabul»,  and  the  large  interseptal 
tissue  around  the  periphery. 

. — ^A  transverse  section  of  the  same,  cut  immediately  below  the 
floor  of  the  calice.  Lower  carboniferous,  Auchenskeocli, 
Dairy,  Ayrshire. 

AUthe  aediana  in  this  Plate  art  natural  ste. 


Plate  IV. 

—2Sapfirenti8  Edwardaiana,    De  Koninck. 

L.— A  transverse  section  of  the  same,  cut  just  below  the  floor  of  the 
calice.  Lower  carboniferous,  Brockley,  Lesmahagow,  Lanark- 
shire. 

—Zapkrentvi  C^fcrdana — Edwards  and  Haime—showing  everted 
calioe. 
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Fig.  2a.— A  transvene  aectioii  of  the  saune,  cvt  immediatdy  below  the 
floor  of  the  calioe,  showing  the  nmll  foMohi  and  the  «<Jliilm> 
tUBue  in  the  centre  of  the  Tisocnl  chamber^  and  the  paeodo- 
foenU  on  cither  side  of  the  corallnm,  and  at  ngjbt  an^im  to 
the  inner  end  of  the  foasaU.  Lower  cariMmiteoaa,  Bog^bead, 
Hamilton,  Lanarkshire. 
„    3. — ZaphraUiB  PhUUpm.    Edwards  and  Haime.    A  trauavesae  aectioa, 

cut  one  line  below  the  floor  of  the  caliee. 
,,    Za. — A  transverse  section  of  the  same,  cot  a  little  bdow  the  door  of 
the  caliee.    This  specimen  is  somewhat  smaller  tiian  the  pre- 
ceding.   Lower  carboniferoas,  Anchcnakeoch,  Daby,  Ayiahiie. 
4. — ZaphrehtU  currtdiita,     Thomaon.      Sp.  nov.    A  tnuaverae  aee- 
tion,  cut  about  a  quarter  of  an  inch  below  the  floor  of  the 
caliee.     I^ower  carboniferous,  BrocUey,  Leamahagow,  Lanaik- 
shire. 
5. — Zaphrenliit  tubereulatU.    Thomson.     Sp.  nov. 
„    5a. — A  transverse  section  of  the  same,  cot  immediately  balow  tha 
floor  of  the  caliee.    Lower  carboniferooa,  Brocklay,  T<eemahigfiw, 
Lanarkshire. 
„    (y. — 2*aphrtiUi$  fjranulatls.    Thomson.    Sp.  nov. 

„    6a. — A  transverse  section  of  the  same,  cut  one  quarter  of  an  inch 
below  the  floor  of  the  caliee.      Lower  carboniferooa,  Charleston, 
Fifeahire. 
7. — ZnphrtiUis  spinalota.     Edwards  and  Haime. 
7a. — A  transverse  section  of  the  same,  cut  a  little  bdow  the  floor  ef 

the  caliee. 
7  b. — A  longitudinal  section  of  the  same,  showing  the  tabola  beat  down 
to  the  dorsal  side  of  the    corallnm.       Lower  carbouUeroos, 
Brockley,  Lesmahagow,  Lanarkshire. 
8. — ZaphrentU  bieenlriea.     Thomson.      Sp.  nov. 
8a. — A  transverse  section  of  the  same,  cut  immediately  below  the 
floor  of  the  caliee. 
„    8b. — A  small  specimen  of  the  same. 

8c. — A  transverse  section  of  same,  cut  a  little  below  the  floor  of  the 
caliee.     Lower  carboniferous.  Brockley,  Leemahagow,  Laaaik* 
shire. 
9. — ZaphrtntU  ptidtytepla,   Thomson.   Sp.  nov.    A  tranavene  aectkn, 
showing  the  remarkable  fossula  extending  inwards  beyond  the 
centre  of  the  visceral  chamber,  and  the  two  lateral  paendo- 
fossula.     Lower  carboniferous,  Charleston,  Fifeehire. 
10. — ZaphrentU  central^,    Edwards  and  Haime. 
IOa. — A  transverse  section  of  the  same,  cut  immediately  below  the  floor 
of  the  caliee. 
,,  10b.— A  transverse  section  of  another  specimen,  cut  just  below  tiM 

floor  of  the  corallnm. 
,,  10c. — A  transverse  section  of  another  specimen,  cut  about  a  quarter  of 
an  inch  below  the  floor  of  the  caliee.      Lower  carboniferooi, 
Broadstone,  Beith,  Ayrshire. 
,,  11. — Zaphreniis  clavatis,     Tliomson.     Sp.  nov. 
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Fig.  1 1  A. — A  tnnsvene  aection  of  the  same.  Lower  carboniferous,  Brockley, 
Lesmahagow,  Lanarkshire. 

12. — ZaphrenUB  Komncki,    Edwards  and  Haime. 

12a.— A  transFerse  section  of  the  same,  cut  a  little  below  the  floor  of 
the  calice.  Lower  carboniferous,  Auchenskeoch,  Dairy,  Ayr- 
shire. 

13. — 2kipkreiuU  eehincUis.    Thomson.    Sp.  nov. 

13a. — A  transverse  section  of  the  same,  cut  a  quarter  of  an  inch  below 
the  floor  of  the  calice.  Lower  carboniferous,  Charleston,  Fife- 
shire. 

14. — ZaphrenJtia  ampJiUkeecu    Thomson.    Sp.  nov. 

14a. — A  transverse  section,  cut  a  little  below  the  calice. 

14b. — ^A  small  specimen  of  the  same. 

14c. — A  transverse  section  of  the  same,  cut  just  below  the  floor  of  the 
calice.  Lower  carboniferous,  Brockley,  Lesmahagow,  Lanark- 
shire. 

15. — ZaphreiUU  vermicularis,  De  Koninck.  A  transverse  section  of  the 
same,  cut  below  the  floor  of  the  calice.      Lower  carboniferous, 

# 

Brockley,  Lesmahagow,  Lanarkshire. 
16. — Zaphrentis  cyatfuna.    De  Koninck. 
16a. — ^A  transverse  section  of  the  same,  cut  a  little  below  the  floor  of 

the  calice.     Lower  carboniferous,  Charleston,  Fifeshire. 
16b. — A  specimen  of  the  same. 
16c. — ^A  transverse  section  cut  a  little  below  the  floor  of  the  calice. 

Upper  carboniferous  limestone,  Gare,  Carluke,  Lanarkshire. 
17. — Zaphrentis  iniermedia.    De  Koninck. 
17a. — A  transverse  section  of  the  same,  cut  a  little  below  the  floor  of 

the  calice.      Upper   carboniferous   limestone,   Gare,  Carluke 

Lanarkshire. 
18. — Zaphrtmtis  Omalkm.    Edwards  and  Haime. 
18a. — A  transverse  section  of  the  same,  cut  a  little  below  the  floor  of 

the  calice.    Lower  marine  limestone,  Charleston,  Fifeshire. 

AUtke  above  sectiona  in  tfUe  Plate  are  natural  $ise. 
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MINUTES  OF  SESSION. 


November  3rd,  1880. 

The  Sesaion  of  the  PhiloHophical  Society  of  Glasgow  was  opeii^  -^    ®" 
this  evening  at  Eight  o'Clock,  in  the  Society's  New  Buildings,  2^^ 
Bath  Street     Dr.  Andrew  Fergus,  President,  in  the  Chair. 

The  Minutes  of  the  Meeting  of  the  Society  held  on  5th 
1880,  with  that  of  the  Extraordinary  Qeneral  Meeting  held 
1 7th  June,  having  been  printed  in  the  notice  calling  this 
were  held  as  read,  and  were  confirmed  and  signed  by  the 


The  following  were  proposed  as  Members,  viz. : — 

Mr.  Hugh  M*Culloch,  House  Painter,  102  West  Regent  8 
Recommended  by  Mr.   H.   K.  Bromhead,  Dr.  Fergus,  and 
M^Vail. 

Mr.  T.  Graham  Young,  Kelly,  Wemyss  Bay.     Recomniendi 
by  Prof.  James  Thomson,  Sir  William  Thomson,  and  !^rol  Ji 
Ferguson. 

Mr.  George  Stuai't,  Merchant,   21  Royal  Exchange.     Reooi^ 
mended  by  Mr.  John  Mann,  Dr.  Feigus,  and  Dr.  M'VaiL 

Mr.  John  M.   Shaw,  Ironmonger,  14  Union  Street, 
mended  by  Mr.  John  Kirsop,  Mr.  Archibald  Robertson,  and 
John  Mann. 

Mr.  A.  P.  Henderson,  Engineer  and  Shipbuilder,  10  Oro 
Terrace,  Dowanhill.     Recommended  by  Mr.  J.  J.  Coleman,  M' 
K.  M.  Dixon,  and  Mr.  John  Robertson. 

Mr.  Hugh  Paton,  Warehouseman,  61  Miller  Street, 
mended  by  Dr.  Wallace,  Dr.  Stirton,  and  Dr.  Clark. 

Mr.  Walter  E.  Wingate,  4  Bowmont  Ten-ace. 
by  Mr.  John  Kirsop,  Mr.  John  Robertson,  and  Mr.  John 

Mr.  William  Fife,  Commission  Merchant,  52  Glassford 
Recommended  by  Mr.  Michael  Oonnal,  Mr.  John  Kirsop,  and  M 
Robert  Westlands. 
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FuL  T.  Bottomley,  M.A.,  F.RaE.,  F.aa,  Demonstrntor 
ml  Philosophy,  IJmyersity  of  Gksgow,  2  Etoa  Terrace, 
nmded  by  Sir  Wm.  Thomson,  Pro£  Jas.  Thomson,  and 
John  Vincent  Day. 

William    Bottomley,  Jun.,   O.K,   Uniyersity.      Recom- 
by  Sir  Wm.  Thomson,  Prof.  Jas.  Thomson,  and  Mr.  St 
inoent  Day. 

Aidiibald  Brownlie,  Writer,  225  West  Qeoi^  Street 
lended  by  Dr.  Muirhead,  Mr.  A.  0.  Hunter,  and  Mr.  John 


David   Maclore,  Letterpress   Printer,  62  Argyle   Street, 
aended  by  Mr.  James  C.  Wyper,  Mr.  Archd.  Hobertaon, 
.  John  Robertson, 
leorge  Smellie,  Measurer,  107  Bath  Sti'eet.    Recommended 

Archd.    Robertson,   Mr.   John   Mann,   and    Mr.    John 
on. 
Fames  Brand,  Civil  Engineer  and  Contractor,  123  Hope 

Recommended   by   Mr.   Jas.    0.    Wyper,    Mr.    Archd. 
on,  and  Mr.  John  Robertson. 
Wallace  Fairweather,  C.E.,  Patent  Agent,  96  Buchanan 

Recommended  by  Dr.  Fergus,  Mr.  John  Robertson,  and 
shd.  Robertson. 

>.  A.  Black,  Sharebroker,  214  Bath  Street  Recommended 
Et  Easton,  Mr.  A.  Dow  Dixon,  and  Mr.  John  D.  Thomson. 

oUowing  were  elected  Members  of  the  Society,  viz. : — 

Tames  Young,  Jun.,  Kelly,  Wemyss  Bay. 

Alex   S.   Wilson,   M.A.,   RSc.,    Professor    of    Botany, 

m's  College. 

Alexander  W.  Donald,  Colliery  Salesman,  Bank  Place, 

lang. 

ohn  Fowler,  Builder,  Relvinbank  Terrace,  4  Gray  Sti'eet, 

rd. 

lugh  Reid,  Engineer,  10  Woodside  Terrace. 

'ames  Reid,  Jun.,  Engineer,  10  Woodside  Terrace. 

ohn  Sutherland,  Greenbrae,  Pollokshields. 

)ayid  Sutherland,  Jun.,  Greenbrae,  Pollokshields. 

'eigUB,  the  President,  delivered  an  Opening  Address — "  On 
ly  History  of  the  Society  " — the  very  interesting  materials 
h  were  derived  mainly  from  the  records  of  the  first  five 
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years  of  tbc  Society's  existence  (18024807),  as  contained  in  th 
first  Minute  Book  of  the  Society.     The  Book  was  laid  on 
table.     The  President  further  stated  that  he  had  prepared 
material  than  he  could  submit  at  one  Meeting,  and  would  be  read; 
if  the  Society  wished  it,  to  continue  the  subject  from  time  to 
as  opportunity  might  offer.     On  the  motion  of  Dr.  WmUaoSy 
thanks  of  the  Society  were  unanimously  awarded  to  Dr. 
for  his  address,  and  he  was  requested  to  lay  before  the  Society 
future  Meetings  the  materials  he  had  prepared. 

The  President  stated  that  Mr.  E.  M.  Dixon  had,  a  abort 
ago,  resigned  the  Secretaryship  of  the  Sociefy  on  aooouat  of 
duties  in  connection  with  Allan  Glen's  Institution;   that 
Council  had  appointed  Mr.  John  Robertson  Secretary  ad  i 
and  had  remitted  the  whole  question  of  the  Secretaryship  to 
considered  by  a  Committee  of  the  Council;  that  a  Report  bj 
Committee  Lad  been  received  and  adopted  by  the  Council, 
was  then  read  as  their  recommendation  on  the  subject. 

Mr.  James  Thomson,  F.G.S.,  moved,  and  Mr.  George  Wi 
seconded,  the  adoption  of  the  said  Report  by  the  Society. 

Mr.  James  Thomson  then  moved,  and   Mr.  George  Wats 
seconded  the  motion,  that  five  Members  of  the  Society  be  appoln' 
to  meet  witli  five  Membei-s  of  the  Council,  to  consider  the  Be] 
and  advise  as  to  the  best  mode  of  carrying  it  out. 

The  following  five  gentlemen  were  then  nominated  to  tarm 
Committee  on  the  part  of  the  Society,  viz. : — Mr.  G^rge 
Mr.  James  Thomson,  Mr.  Nathaniel  Dunlop,  Mr.  James 
and  Dr.  Hugh  Thomson. 

Mr.  Archibald  Hewat  and  Mr.  Aiex.  S.  Baird  were  appoiu 
Auditors  of  the  Treasurer's  Accounts  for  the  past  Session. 


a 


(Signed) 


ANDW. 


November  17  th,  1880. 

The  Seventy-ninth  Annual  General  Meeting  of  the  PbiloaopltS 
Society  of  Glasgow,  for  the  Election  of  Office-Bearers  and  o 
Business,  was  held   this  evening  at  Elight  o'clock,  in  the 
Buildings,  207  Bath  Street.     Dr.  Andrew  Feigus,  President^  in 
Chair. 
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lie  Ifmntes  of  the  last  Meeting  of  the  Society^  haying  been 
Lted  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
e  confirmed  and  signed  by  the  Chairman. 

lie  following  were  proposed  as  Members,  viz.: — 

Dr.  William  Campbell,  Assessor,  24  Ingram  Street  Hecom- 
tded  by  Mr.  John  Mann,  Dr.  James  B.  Russell,  and  Dr. 
Irew  Fergus. 

[r.  James  Fleming,  Earthenware  Manufacturer,  7  Fitzroy 
se.  Recommended  by  Dr.  Eben.  Duncan,  Mr.  John  Mann 
Mr.  John  Robertson. 

[r.  John  Harvie,  Secretary,  Clydesdale  Bank,  St  Vincent 
sa  Recommended  by  Mr.  John  Mann,  Mr.  D.  Nicol,  and 
John  Robertson. 

[r.  Adam  Elliot  Black,  C.A.,  F.C.S.,  Leabank,  CrosshilL  Re- 
mended  by  Dr.  Eben.  Duncan,  Mr.  John  Mann,  and  Mr. 
[L  Robertson. 

[r.  William  S.  Pettigrew,  17  Queen's  Orescent  Recommended 
Mi,  J.  D.  Thomson,  Mr.  Alexander  Scott^  and  Mr.  John 
■ertsotn. 

Er.  R.  H.  Pinkerton,  M.A.,  Mathematical  Lecturer,  XJni- 
itjy  46  Bank  Street,  Hillhead.  Recommended  by  Mr.  John 
Cerr,  M.A.,  Mr.  Thomas  Muir,  M.A.,  F.RS.E.,  and  Mr.  John 
sop. 

Er.  Michael  Simons,  206  Bath  Street     Recommended  by  Mr. 
n  Mayer,  F.C.&,  Dr.  Robt  Bell,  and  Mr.  John  M'Gavin. 
[r.  M.  Waddell,  Ironmonger,  261    Argyle  Street      Reoom- 
ded  by  Mr.  John  Mayer,  F.C.S.,  Dr.  Robert  Bell,  and  Mr. 
1  M'Gavin. 

r^.  N.  R  Cameron,  Draper,  Cambuslang.  Recommended  by 
fienry  Muirhead,  Mr.  Michael  Connal,  and  Dr.  Andrew 
ti& 

:v  John  Robertson,  Interim  Secretary,  read  the  Annual 
ft  by  the  Council  on  the  state  of  the  Society,  which  was 
«Qd  and  ordered  to  be  printed  in  the  Proceedings.  The 
ft  was  as  follows: — 

Rbport  on  the  State  of  the  Society,  1879-80. 

^XJILDUIGS. — In  presentiiig  the  Report  on  the  Seventy-eighth  Session 
%  Society,  the  Coimcil  congratulate  the  Members  that  the  anticipation 

^  xm.— No.  1.  Q 
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of  last  Report  has  been  fulfilled,  and  that  they  have  been  enabled  to 
the  Seventy-ninth  Session  in  the  New  Rooms. 

This  building  is  the  joint  property  of  the  Institntion  of  Engiii 
Shipbuilders  of  Scotland  and  the  Philosophical  Society  of  Glaago^ 
tracts  were  concluded  for  its  erection  in  May,  1879,  and  the  work 
menced  in  the  following  month.     The  Contractors  were  as  follows: — 

Mason,  Digger,  and  Brick  Work,  Hartley  Dinsmore. 

Wright  Work, David  Guthiie  ft  Go. 

Plumber  Work, William  Reid. 

Slater  Work,      .....  John  Morrison  ft  Son. 

Plaster  Work, James  Craig  ft  Son. 

Ironfounder  Work,     ....  Moses  M'Colloch  ft  Co. 

Painter  Work, Hugh  M'Culloch. 

Glazier  Work, C.  ft  J.  Malloch. 

The  Architects  were  Mr.   Thomas  L.   Watson  and   Mr.   Williaoh- — 
Millar,  C.E. 

The  Building  comprises  the  following  accommodation : — 

On  the  Ground  or  Street  Floor — Library  and  Reading  Room. 

On  the  First  Floor — Council  Room  and  Lecture  Hall^  seated  for 

:I00. 

On  the  Second  Floor— Two  Rooms  for  Sectional  Meetings,  one 
serves  for  Council  Room  and  as  Library  of  the  Architectural  Section. 

On  an  Entresol  Floor  over  the  Entrance  Corridor — A  Lavatory 
Store  Room  for  books  not  much  in  use. 

On  the  Basement  Floor — Two  large  Rooms,  two  Fireproof  Safes, 
Heating  Chamber,  and  Janitor's  House. 

The  whole  Building  is  heated  by  means  of  hot  water-pipes,  each 
separately.    It  is  fitted  up  in  a  very  complete  manner,  and  very  cow^ 
ably  furnished.     It  is  expected  to  cost  about  £5,000,   indnding 
ground  and  furniture;  but  as  soon  as  the  accounts  have  been 
detailed  statemeut  wdll  be  given. 

The  first  Meeting  was  held  by  the  Institution  of  Engineers  and 
builders  in  Scotland,  in  the  Lecture  Hall,  on  the  evening  of  Taesday,  ^^ 
November,  and  this  Society  opened  Session  1880-81  in  it  on  the  foOov^^ 
evening.      Previous  to  this,  the  Library  and  fittings  had  been 
from  the  Rooms  in  Sauchiehall  Street,  and  the  Library  was  ready  fxxc 
use  of  the  Members  on  the  13th  of  October.     The  Council  expect  that 
change  will  result  in  increased  efficiency  in  every  department.    EreijfiilB*' 
has  been  speciaUy  designed  for  the  purposes  of  the  Societies.    The 
Hall  is  arranged  so  that  diagrams,  apparatus,  and  specimens  of  any 
con  be  fully  exliibited  to  every  Member  of  the  audience,  and  so  thai 
Lecturer  can  at  the  same  time  be  perfectly  seen  and  heard.    Bvsij 
venience  is  also  afforded  for  experiments — the  table  in  the  Lectors 
being  supplied  with  ^as  and  water,  and  that  in  the  Sectional  Boom 
gas. 

The  Acting  Building  Committee  consisted  of  six  Members,  of  whoni  I^' 
Wallace   Mr.  Archibald  Robertson,  and  Mr.  Honeyman  represented  tf^ 
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Society.  To  the  energy  of  this  Committee,  and  especially  to  the  ontiring 
Bxertions  of  Mr.  Archibald  Robertson,  it  is  dne  that  the  first  Meeting  of 
khis  Session  was  able  to  be  held  in  these  premises. 

The  Geological  Society  and  the  Natural  History  Society  have  been  ac- 
sommodated  in  the  smaller  Hall  and  Council  Room,  and  their  Meetings  are 
now  held  there. 

At  a  Joint-Meeting  of  the  Councils  of  the  Institation  of  Engineers  and 
^pbuilders  and  the  Philosophical  Society,  the  following  Agreement  was 
inally  concluded  between  them : — 

1st. — "The  proprietorship  being  joint  and  equal,  the  details  of  manage- 
nent  shall  be  under  a  Joint-Committee  of  six,  to  be  elected  annually,  three 
!rom  the  Council  of  each  Society,  to  be  called  the  House  Conmiittee,  who 
ihall  elect  from  their  number  their  own  Chairman,  and  shall  have  power 

0  appoint  a  Secretary  and  Treasurer—  three  Members  of  this  Committee  to 
«  a  quorum. 

2nd. — "  Each  Society  shall  have  such  use  of  the  several  Rooms  as  they  , 
lay  from  time  to  time  respectively  require  for  their  Meetings.     The  times 
f  these  Meetings  shall  be  regulated  by  the  House  Committee,  having 
Bgard  to  the  present  days  of  Meetings. 

3rd. — *'  The  Libraries  of  the  Societies  shall  be  kept  distinct,  but  Members 

1  each  Society  shall  have  access  to  the  books  of  the  other  for  consultation 
r  the  Library. 

4th. — **  So  far  as  not  required  by  either  Society,  the  Rooms  may  be  let 
f  the  House  Committee,  and  the  income  derived  from  such  letting  shall 
»  applied  towards  defraying  the  joint  expenses,  such  as  wages,  taxes, 
9aiingt  lighting,  ftc.,  the  balance  of  expenditure  to  be  contributed  in  equal 
K»portions  by  the  two  Societies. 

**  The  Treasurer  of  the  House  Committee  shall  receive  all  payments  due 
»y  and  discharge  all  claims  upon,  the  Societies  in  a  joint  capacity,  the 
ilance  of  expenditure  over  income  to  be  contributed  in  equal  proportions 
Lonthly  by  the  two  Societies ;  the  accounts  to  be  regularly  audited  by  the 
auditors  of  both  Societies,  and  copies  furnished  to  the  Council  of  each 
3ci0ty. 

.&hd — "  Any  difference  arising  in  the  views  of  the  House  Committee  shall 
w  referred  to  a  Special  Committee,  then  to  be  chosen,  consisting  of  Ten 
i^mbers  from  the  Council  of  each  Society — nine  to  be  a  quorum ;  and, 
agreement  between  them,  it  shaU  be  referred  for  ultimate  decision 
Dean,  for  the  time  being,  of  the  Faculty  of  Procurators  in  Glasgow.'' 

^  Honse  Committee  of  six  members  has  been  appointed  for  the  future 
^Ugement  of  the  Building — Dr.  Wallace,  Mr.  Archd.  Robertson,  and 
'•  John  KiiBop,  as  representatives  of  the  Council  of  this  Society;  and 
Manael,  Jamieson,  and  Gale,  on  behalf  of  the  Institution  of 
and  Shipbuilders. 

^^    Mentbenk^. — The  number  of  Ordinary  Members  on  the  Roll  at  the 
filming  of  Session  1879-80,  as  per  last  Report,  was  633.      During  the 
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Session,  41  new  Members  were  admitted,  making  674  in  alL     Of  thia 
ber  18  ha^e  resigned ;  2  hAve  left  Glasgow,  tlieir  names  being  placed  on 
sospense  list;  9  lutve  died ;  and  9  have  been  struck  off  the  Roll  lor 
payment  of  annnal  snbscriptions;  leaTing  on  the  BoU  at  the  commenceme 
of  the  present  Session,  636.    There  are  17  Honorary  Member*— 5  Foreign, 
American  and  Ck>lonial,  and  9  British.    The  Corresponding  Members  are 
There  are  24  Life  Members. 

in.    SeclUma, — The  Sections  have  as  osnal  famished  the  Society  wilt'J 
important  papers.    Their  Reports  will  be  found  in  the  Proceedings. 

TV.    The  Proceedings.— The  printed   Proceedings  of  the    Society  ^         -^  for 
Session  1879-80  occupy  452  pages,  exclusiye  of  Index  and  Oootenta^  ac^a^       and 
form  Part  I.  of  Volume  12.    It  is  by  far  the  largest  part  yet  issned  by  t^^     -w  the 
Society.     It  contains  19  papers,  including  3  read  before '  the  Ghemi».K.«3Bucsi 
Section. 


V.     The  Ocu  BxhibUion.  —At  an  extra  Meeting  of  the  Society,  hM  -^E^^  in 
May,  it  was  agreed— in  the  event  of  the  Exhibition  Fund  of  1847  in  *  tbe 

hands  of  the  Corporation  being  available  as  a  guarantee — to  hold        ^  u 
Exhibition  of  Gas  Apparatus,  &c,  in  connection  with  the  Society.    IT^CHliu 
was  eneigetically  carried  out  in  October,  and  was  highly  appreciated      -^  ^ 
the  public.    As  soon  as  the  Committee  have  finally  concluded  their  laboi^^'  *^ 
a  full  Report  of  the  Exhibition  will  be  presented  to  the  Society. 


VI.    Mr.  Napier's  Legacy. — The  Council  desire  gratefully  to  ackm^ 
ledge  the  receipt  of  a  Legacy  of  £100  received  during  the  Sessiim, 
sum  allocated  by  the  Trustees  of  the  late  Robert  Napier,  Esq.,  of 
who  was  a  member  of  the  Society,  from  the  sum  left  by  that  gentlsmaa^^  ^ 
English  and  Scottish  Institutions. 

(Signed)       JOHN  ROBERTSOl 

The  Audited  Statement  of  Acoounts  for  Session  lS79-80y      ^ 
Mr.  Mann,  the  Trea8ui*or,  having  been  printed  in  the  Ciicixl^ 
calling  the  Meeting,  was  held  as  read,  was  approved  of,  and  ordared 
to  be  printed  in  the  Proceedings.     Mr.  Archibald  Hewat^  one  d 
Auditors,  suggested  that  a  Capital  Account  should  be  formed,  ^   . 
that  all  subscriptions  by  life  Members  should  be  added  to  thai 
Account.     He  also  called  attention  to  the  fact  that  the  Aoooant 
of  Messrs.  Maclay,  Murray,  &  Spens,  of  £23  2&  Sd.,  oouaiM 
entirely  of  outlays,  no  professional  fees  being  chai^ged  for  woi^ 
done  in  connection  with  the  Incorporation  of  the  Society.    1^ 
President   moved  that   the  thanks  of  the  Society  be  given  to 
Messrs.  Maclay,  Murray,  &  Spens,  and  the  motion  was  carried  by 
acclamation. 
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Mr.  Jolin  BobertBQD,  libmian,  read  the  Annual  Report  <m  the 
libraiy,  which  was  adopted,  and  ordered  to  be  printed  in  the 
hroeeed/mg9.     The  Report  was  as  follows: — 

Library  Committsb's  Rbpobt,  1879-80. 

The  Library  Committee  have  pleasore  in  reporting  that  the  Library  has 
been  transferred  to  the  new  premises.  In  the  beginning  of  Joly  the  presses 
were  taken  over  and  pnt  up,  with  the  necessary  additions  and  changes.  On 
the  6th  of  October  the  Books  were  finally  removed,  and,  after  being  classified 
and  arranged,  were  ready  to  be  given  out  to  Members  on  the  13th  of 
October. 

The  Committee  feel  assured  that  the  increased  accommodation,  and  the 
better  &cilities  for  consulting  books  now  afforded,  will  be  satisfactory  to 
the  Members,  while  comfort  and  convenience,  such  as  could  not  be  secured 
in  the  former  rooms,  are  provided  in  the  new  Reading-room,  which  will 
shortly  be  ready  for  occupation. 

During  the  past  year  253  volumes,  157  parts  of  works,  and  26  pamphlets 
have  been  added  to  the  Library,  making  a  total  of  more  than  8000  volumes, 
exclusive  of  pamphlets  and  parts  of  works.  Of  the  periodicals  at  present 
received,  17  are  weekly,  of  which  13  are  bought  and  4  presented;  5  are 
fortnightly,  <rf  which  4  are  bought  and  1  presented;  36  are  monthly,  of 
which  28  are  bought  and  8  presented;  and  19  are  quarterly,  of  ivhich  15 
.are  bought  and  4  presented. 

Exchanges  of  Transactions  and  Publications  are  made  with  107  Societies 
and  Public  Departments,  from  which  were  received,  during  last  year,  18 
-volumes  and  133  parts.  151  volumes  and  24  parts  of  works  have  been 
bonght.  62  volumes  (including  13  from  the  Commissioners  of  Patents)  and 
26  pamphlets  have  been  presented  to  the  Library,  and  the  thanks  of  the 
Society  are  due  to  the  donors.  Acknowledgment  of  these  will  be  found  in 
the  Proceedings,  where  a  full  Ust  of  all  the  additions  for  the  year,  and  the 
names  of  the  Societies  and  Public  Departments  with  which  publications  are 
-exchanged,  have  been  printed.  228  volumes  have  been  bound,  and  12  are 
«till  in  the  hands  of  the  binder. 

Very  considerable  progress  has  this  year  been  made  in  repairing  the 
imperfeetions  of  the  Library. 

The  Conmuttee  will  be  much  pleased  to  have  the  co-operation  of  the 
Members  ia  the  selection  of  Books.  A  Book  to  receive  the  names  of  works 
recammeaded  always  lies  on  the  table. 

(Signed)        JOHN  ROBERTSON, 

Hon.  Librarian,  Convener. 

A  vote  of  thanks  to  the  Librarian  and  Treasurer  was  moved 

«nd  carried  tmanimously. 

The  Society  then  proceeded  to  the  election  of  Offioe-bearer& 
It  was  moved  by  Dr.  Fergus,  the  retiring  President,  that  Dr. 

William  Wallace,  F.RaE.,  F.LC,  F.C.S.,  be  elected  President 
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for  the  next  three  years.  The  motion  was  carried  by  acdamation^ 
and  Dr.  Wallace  took  the  chair  as  President. 

It  was  moved  by  Dr.  Andrew  Buchanan,  the  retiring  Vice- 
President,  that  Mr.  Michael  Connal,  Chairman  of  the  School 
Board  of  Glasgow,  be  elected  a  Vice-President  of  the  Society  for 
the  next  three  years.     The  motion  was  passed  unanimously. 

The  President  moved  the  re-election  of  Mr.  John  HobertsoUy 
the  Librarian,  and  Mr.  John  Mann,  the  Treasurer,  respectively, 
which  motion  was  carried  by  acclamation. 

Mr.  Michael  Connal  read  the  following  Report  of  the  Committee 
appointed  on  the  3rd  of  November  to  consider  the  whole  question 
of  the  Secretaryship: — 

Report  of  Committee  appointed  at  the  Meeting  of  the 
Philosophical  Society  on  Wednesday,  the  3rd  Novem- 
ber, AS  to  the  Secretaryship. 

The  Committee  met  on  9th  November,  1880,  at  16  Lynedoch  Creacent. 
Present— Dr.  Wallace,  Dr.  M*Vail,  Mr.  Muir,  Mr.  Scott,  and  Mr.  ConnaLv 
from  the  Council;  Dr.  Hugh  Thomson,  Mr.  Watson,  Mr.  James  Thomsos&» 
and  Mr.  James  Miller,  from  the  Society — Mr.  Nathaniel  Danlop  beiKa.^ 
absent.      The  Committee,  after  mature  deUberation,  unanimously 
to   recommend  that  the  Secretar3rship  should  be   offered   to 
M'Kendrick.     The  Committee  make  this  recommendation,  having 
to  believe  that  the  duties  are  so  congenial  to  his  tastes  that,  if  the  a] 
ment  be  cordiaUy  offered,  it  will  be  accepted. 

(Signed)       MICHAEL  OONNAT.,^^ 

It  was  moved  by  Mr.  Michael  Connal,  and  seconded  by 
Andrew  Fergus,  that    Professor  M'Kendrick  be  appointed 
retary.     The  motion  was  supported  by  Mr.  Nathaniel  Dunlop. 

It  was  moved  by  Mr.  William  Dennison,  and  seconded  by 
Lindsay   Miller,   that   Mr.   John   Mayer,   F.O.S.,  be   appoini 
Secretary.     The  Society  then  balloted  for  the  Secretaryship, 
A.  H.  Maclean  and  Mr.  James  Nicol  being  appointed  Scrutin^^^^'*' 
of  the  votes.      The  Scrutineers  reported  as  follows: — ^Votes  ^^^^ 
Dr.  M*Kendrick,  69;  votes  for  Mr.  Mayer,  43;  majority  in  fevc^*^' 
of  Dr.  M'Kendrick,  26.      Dr.  M^Kendrick  was  declared  by  rf^^ 
Chairman  to  be  duly  elected  as  the  Secretary  of  the  Sociely. 

The  President  stated  that  the  following  four  gentlemen  retir^ 
by  rotation  at  this  time,  viz. : — Mr.  Alexander  Scott,  Mr.  W.  R  W- 
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Smith,   Professor   M'Kendrick,  and    Mr.    J.    Honeyman,   LA., 

F.R.I.B.A.;  and  that  as  he  himself  had  been  elected  President, 

and  Mr.   Michael  Connal  a  Vice-President,  there  would  thus  be 

six  vacancies  in  the  Coancil  to  be  filled  up. 

It  was  moved  by  Mr.  Alexander  Scott  and  seconded  by  Mr. 

James  Thomson,  F.G.S.,  that  the  following  gentlemen  be  elected 

Members    of    Council:  —  Mr.    Nathaniel    Dunlop,    Mr.    David 

Mackinlay,  Mr.    Robert   Tatlock,  F.RS.K,    F.C.S.,   Mr.  James 

Brownlioy  Dr.  Neil  Oarmichael,  and  Mr.  William  Foulis. 

The  following  gentlemen  were  also   proposed   and   seconded, 

viz.: — Mr.  James  Thomson,  F.G.S.,  and  Mr.  Mortimer  Evans,  C.K 

The  Society  then  balloted  for  six  Members  of  Council,  Mr. 

James  Paton,  Mr.  St  John  Vincent  Day,  Mi*.  Lindsay  Miller, 

and  Mr.  Easton  being  appointed  Scrutineers. 

The  Scrutineers  reported  that  the  following  had  the  greatest 

number  of  votes,  viz.: — Mr.  Tatlock,  96  votes;   Mr.  Foulis,  86 

votes;   Dr.   Carmichael,  81    votes;   Mr.    N.    Dunlop,   76   votes; 

Mr.   Mackinlay,  69  votes;  and  Mr.  Brownlie,  62  votes.      These 

gentlemen  were  therefore  declared  by  the  Chairman  to  have  been 

duly  elected  Members  of  the  Council — Mr.  Mackinlay  and  Mr. 

JBrownlie  to  hold  office  for  two  years,  in  room  of  Dr.  Wallace  and 

r.  Connal. 

I>r.  D.  C.  M'Vail  moved  and  Dr.  Andrew  Buchanan  seconded 

motion  that  the  thanks  of  the  Society  be  given  to  Dr.  Andrew 

us  for  the  able  and  zealous  manner  in  which  he  had  dis- 

the  duties  of  President  during  the  last  three  years.     The 

<^>tidn  was  carried  by  acclamation. 

Ur.   James  T.    Bottomley,   M.A.,   Demonstrator  of   Natm-al 

University  of  Glasgow,  then  gave   the  Society  an 

'A^^resting  exposition  and  demonstration  of  a  collection  of  Vacuum 

^)e8y  illustrating  the  discoveries  of  Mr.  William  Crookes,  F.R.S., 

Molecular  Physics.     Mr.  Bottomley  received  the  cordial  thanks 

"^^  Society. 

(Signed)  W.  WALLACE. 


i 
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Dr.  ABSTRACT  OP  TREASUBS^^ 

1880.— Oct.  30. 

To  Entry-money  from  41  New  Members,  at  218.,       £43    1    0 

„  Amiual  Does  from  1  Original 

Member  for  1879-80,  at  58.,        £0    5    0 

,,  Annual  Dues  from  578  Ordinary 

Members  for  1879-80,  at  2l8. ,     006  18    0 

,,  Annual    Dues  from    38  New 

Members  for  1870-80,  at  2l8.,       39  18    0 


647    1    0 

,,  Life  Subscription  from  3  New  Members,  31  10    0 


£721  li 


»» 


5> 


Lboacy — 

Trustees  of  the  late  Robert  Napier,  Esq.,  of  Shandon, 
being  a  portion  of  the  sum  left  for  English  and 
Scottish  InstitutioDS,  ....       100 

Chemical  Section— 

1  Associate  for  1877-78,  at  58.,  .  £0    5    0 

2  do.  1878-79,  at  5s.,  .  0  10    0 
26          do.          1879-80,  at  58.,  .  6  10    0 


, ,  Corporation  of  Glasgow,  Interest  on  ^  *  Exhibition  Fund  '* 

for  year  to  Whitsunday,  1880 — less  Income  Tax,  .        48  1 

,,  ProctedingSf  kCfZoldi,  ....  .1 

,,  Bath  Street  Joint  Buildings— 

Society's  half  of  First  Instalment  of  Bond,     £900    0    0 

Temporary  Advance  from  Joint  Fund,  210    0    0 

1,110 

,,  Balance  due  Treasurer,         .....      ^18 


/ 


£2,007   4  H 

Glasgow,  11th  November,  i55(?.— We,  the  Auditors  appointed  by  ^ 
examined  the  same,  of  which  the  above  is  an  Abstract,  and  found  tlMB 
Eighteen  pounds  three  shillings  and  sixpence  halfpenny. 

Memo,  by  Treasitrer.— The  Amount  of  the  Society's  Funds  ii 
Bond,  as  above,  £900=£1,175.— J.  M. 
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STATEMENT— SESSIOK  1879^. 

Cf. 

1879.— Nov.  1. 

By  BaUnoe  due  Treasurer  from  last  Seanon,  . 

• 

• 

£207  14  Hi 

1880.— Oct  30. 

By  Salary  to  Secretary, 

£75 

0 

0 

„  Salary  to  Sub-librarian,    . 

65 

0 

0 

,,  Salary  to  Asaiatant  in  library, 

18  11 

0 

,,  Reporting^  ..... 

4 

4 

0 

„  Allowance  for  Treaaurer'a  derka, . 

15 

0 

0 

„  Gratuity  to  Officer  of  Corporation  Galleriea, 

2 

0 

0 

„  Maday,  Murray,  &  Spena — Outlays  con- 
nected with  Incorporation  of  Society; 

no  Professional  Fees  charged. 

23 

2 

8 

902  1*7 

ft 

,,  New  Books,  £114  8s.  2d. ;    Periodicals, 

aV^ 

«• 

o 

£21    168.    lOd.;     Foreign    Periodicals, 

£3  18s.  6d.,        .            .            .            . 

140 

3 

6 

^,  Binding,      ..... 

58  17 

0 

, ,  lithographs  and  Woodcuts  for  Proceedtnffs,  kc. 

,     12 

8 

6 

,,  Postage  and  delivery  of  Circulars,  Letters, 

and  Parcels,         .... 

37 

13 

6 

„  Stationery,              .            •           .            . 

6 

5 

1 

^% 

7 

7 

„  Rent  of  Rooms  till  Whitsunday,  1880,      . 

£100 

0 

0 

^liHJ 

„    Do.      Galleries,    .... 

30 

0 

0 

„  Fire  Insurance  for  £5,400,. 

13  10 

6 

„  Fumishiogs  and  Repairs,  . 

3 

5 

3 

„  Gas,  £7  8s.  5d.;  Coal,  £1  6s.  6id.;  Clean- 

ing,  12s.  7id.,     .... 

9 

7 

7 

„  Postages,  &c.— per  Treasurer,  £2  Us.  6d.; 

per  Secretary,  5s., 

2 

16 

6 

„  Sundries  in  library. 

2 

2 

5 

„  Interest  on  Advance  by  Bank, 

1 

7 

7 

162 

9 

10 

a.  Subscriptions  to  Societies — 

Ray  Society,  1880, 

£1 

1 

0 

Pabeontographical  Society,  1880, 

1 

1 

0 

2 

2 

0 

»,  Chemical  Section— - 

Sum  voted  by  Society  to  the  "Graham'' 

£14 

0 

0 

Expenses  per  Treasurer  of  Section, 

2 

12 

9 

1ft  io 

9 

„  Bath  Street  Joint  Buildings— 

ID 

X*t 

Society's  half  of  Instalments  to  Tradesmen, 

• 

■ 

I.I60 

0 

0 

£2007 

4 

'h 

kxaety  to  examine  the  Treasurer's  Accounts,  for  the  year  1879-80,  have 
Hnrrect^  the  Balance  due  to  the  Treasurer  at  30th  October  last  bdng 

Om  Batii  Street  Joint  Buildmgs  up  to  31st  October,  1880,  is  £2,075,  leas 

(Signed)        ARCH.  HEWAT. 
ALEX.  S.  BAIRD. 
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December  1,  1880. 

The  Philosopliical  Society  of  Glasgow  met  this  eveniug,  at  eigbt 
o'clock,  in  the  new  Buildings,  207  Bath  Street — Dr.  William 
Wallace,  President,  in  the  Chair. 

The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

The  following  were  admitted  as  Members  of  the  Society,  viz.: — 


Mr.    Hugh   M*Culloch,  Mr.  T.   Graham  Young,  Mr. 
Stuart,  Mr.  John   M.   Shaw,  Mr.  A.  P.  Henderson,  Mr. 
Paton,  Mr.  Walter  E.  Wingate,  Mr.   William  Fife,  Mr.  Jaim. 
T.   Bottomley,  M.A.,  Mr.  William   Bottomley,  jun.,   G.E., 
Archibald  Brownlie,   Mr.   David   Maclure,   Mr.  George  Smel 
Mr.    James   Brand,    C.E.,  Mr.    Wallace   Fairweather,  C.E,, 
Mr.  D.  A.  Black. 

All  signed  the  Declaration  and  i^eceived  the  Diploma,  with 
exception  of  Mr.  T.  Graham  Young,  Mr.  A.  P.  Henderson, 
Mr.  Greorge  Smellie,  who  were  not  present. 

The  following  were  proposed  as  Members  of  the  Society,  viz.   := 

Mr.  Francis  Thornton  Barrett,  Librarian,  the  Mitchell  libi 
Recommended  by  Mr.  John  JRobcrtson,  Dr.  Henry  Muirhead, 
Mr.  James  Paton. 

William  Jack,  LL.D.,  kc,^  Professor  of   Mathematics  in 
University  of  Glasgow.     Recommended  by  Sir  William 
Professor  James  Thomson,  and  Professor  M'Kendrick. 

John   Barlow,  M.D.,  Professor  of   Physiology   in  AnderBO' 
College.       Recommendeil  by  Sir  William  Thomson,  Dr. 
Muirhead,  and  Professor  M'Kendrick. 

Mr.  John  Lawson,  Cranstonhill.     Recommended  by  Mr,  Jo*^^ 
Steven,  Mr.  William  C.  Coghill,  and  Mr.  John  Robertson. 

Mr.  David  C.  Hamilton,  Engineer,  Clyde  Shipping  Oompit^/y 
2   Oswald  Street.      Recommended  by  Mr.   John  Steven,   M'' 
William  C.  Coghill,  and  Mr.  John  Robertson. 

Mr.  Alexander  Nelson,  8  Prince's  Square.  Reoommended  ^ 
Mr.  John  Robertson,  Mr.  Archibald  Robertson,  and  ProfieM' 
M'Kendrick. 
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Mr.  Adam  Knox,  Engineer,  47  Crownpoint  Road,  Mile  End. 
Keoommended  by  Mr.  Wallace  Fairweather,  C.K,  Mr.  B.  H. 
Romanes,  and  Mr.  John  Robertson. 

Mr.  John  Stephen,  Domira,  Partick,  Recommended  by  Dr. 
Wallace,  Dr.  Henry  Muirhead,  and  Mr.  Michael  Connal. 

Dr.  Henry  Muirhead  read  a  paper  on  "  Certain  seeming  rela- 
tions between  the  three  larger  Planets  crossing  in  front  of  the 
Sun's  March,  and  the  phenomena  of  Sun  Spots  and  Terrestrial 
Bfagnetism."  After  some  remarks  by  Mr.  J.  T.  Bottomley,  Dr. 
iMnirhead  received  the  thanks  of  the  Society  for  his  communica- 

Mr.  William  Campbell,  Assessor,  read  a  ^)aper  on  *' Suggestions 
to  Amendment  of  various  Franchises  and  Improvements  in 
i^ode  of  Levying  and  Collecting  Rates  and  Assessments  in  Scot- 
n-xuL"  After  some  discussion,  in  which  the  President,  Mr. 
7^<Atlianiel  Dunlop,  Mr.  Michael  Connal,  Mr.  Honeymau,  Mr. 
i^estlands,  Mr.  A.  Scott,  Mr.  Mayer,  and  Mr.  Edward,  took 
•**,  Mr.  Campbell  received  the  thanks  of  the  Society  for  his 
*^Xk.  munication. 

• 

e  following  gentlemen,  who  were  balloted  for,  were  declared 
elected: — 

-.  William  Campbell,  Mr.  James  Fleming,  Mr.  John  Harvie, 
^*      ^dam  Elliot  Black,  Mr.  William   Pettigrew,  Mr.  Michael 
Mr.  M.  Waddell,  and  Mr.  N.  B.  Cameron. 

(Signed)  W.  WALLACE. 


December  15,  18S0. 

^  ^Ilie  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
,^iock,  in  the  new  Buildings,  207  Bath  Street— Dr.  WilUam 
^^'dlaoe,  President,  in  the  Chair. 

*Ik<b  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
^^^^ted  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
%IB  confirmed  and  signed  by  the  Chairman. 

The  foUowing  were  admitted  as  Members  of  the  Society,  viz.: — 

Mr.  William  Oampbell,  Mr.  James  Fleming,  Mr.  John  Harvie,. 
Mr.  Adam  Elliot  Black,  Mr.  William  S.  Pettigrew,  Mr.  R.  H. 
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Pinkerton,  Mr.  Michael  Simons,  Mr.  M.  Waddell,  and  Mr.  K. 
Cameron. 

All  signed  the  declaration  and  received  the  diploma, 
exception  of  Mr.  A.  K  Black,  Mr.  Michael  Simons,  and  Mr.  N. 
Cameron,  who  were  not  present 

The  following  were  proposed  as  Members  of  the  Society: — 

Mr.  Henry  Davis,  16  Blythswood  Square.     Reoommendedi.      hf 
Mr.    Walter    Easton,    Mr.    George    Watson,    and     Mr. 
Mann. 

Mr.  James  Blyth,  M.A.,  F.R.S.E.,  Professor  of  Natural 
osophy  in  the  Anderson's  College.      Beconmiended  by 
M*Kendrick,  Professor  Dittmar,  and  Mr.  Robert  Coodwin. 

Mr.  D.  M'Laren  Scott,  Merchant,  Carberry  Villa,  ToIIc^tool 
Recommended  by  Dr.  John  Bums,  Mr.  John  Mann,  and  Mr. 
William  Hodge. 

Mr.  John  M'Kissack,  Architect,  175  St.  Vincent  Street       Re- 
commended by  Mr.   David  Thomson,  I. A.,  F.R.I.B.A,,  Mr",  i. 
Lindsay  Miller,  ami  Mr.  John  Mann. 

Mr.  Allan  Muir,  Plumber  and  Brassfounder,  36  Oeoxge  Street 
Recommended  by  Mr.  George  Bell,  F.R.I.B.A.,  Mr.  ArchibiU 
Robertson,  and  Mr.  Robert  A.  Biyden,  F.RLB.A. 

Mr.  John  Brown,  Chemist,  11  Somerset  Place.  Recommended 
by  Mr.  Nathaniel  Dunlop,  Dr.  James  J.  Dobbie,  M.A.,  and 
Professor  Ferguson. 

Mr.  W.  G.  Rowan,  Architect,  175  St.  Vincent  Street.  Recom- 
mended by  Mr.  David  Thomson,  LA,  F.R.I.B.A.,  Mr.  A.  Lind- 
say Miller,  and  Mr.  John  Mann. 

Mr.  Duncan  Thomson,  Agent,  Nationa]  Bank  of  Scotland, 
Andcrston  Branch,  15  Main  Street,  Glasgow.  Recommended  by 
Mr.  William  Sim,  Mr.  John  Kirsop,  and  Mr.  Archibald  Robert- 
son. 

Mr.  Andrew  Jamieson,  C.E.,  Principal  of  the  Mochanio^ 
Institution.  Recommended  by  Sir  William  Thomson,  Mr.  J.  T. 
Bottomley,  and  Professor  M^Kendrick. 

Dr.  James  Stirton,  F.L.S.,  President  of  the  Biological  Sedftoi 
gave  an  Introductory  Address  ''On  Certain  Phenomena  happeoii 
in  the  Lower  Vegetable  Organisms,"  in  the  conclusion  of  which  ' 
referred  to  the  evils  arising  in  society  from  marriages  beiwf 
people  having  an  unhealthy  constitutional  taint.     On  the  not 
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ol  the  Preddenty  Dr.  Stirton  reodved  a  ooidial  vole  of  thanks 
for  his  addresa 

Prolessor  M'Kendrick  read  a  paper  entitled  **  Some  Observa- 
tions on  the  Golonring  Matter  of  the  Jelly-fishes,  ChtytaartBf 
Cyaneay  and  Aurelid.^ 

Mr.  J.  Bottomley  made  a  short  verbal  communication  ''On 
the  Electrostatic  Behaviour  of  a  Vacuum  in  Glass,"  and  promised 
details  at  an  early  meeting  of  the  Society. 

Professor  M'Kendiick  made  a  short  verbal  communication  to 
iiie  effect  that  he  had  recently  discovered  that  the  Eye  of  the  Frog 
is  affected  by  light  for  a  short  time  in  a  manner  similar  to  the 
^fiect  by  light  on  the  Selenium  Cell  in  Professor  Graham  Bell's 
Kiotophone. 

At  9.40  p.m.,  in  accordance  with  the  13th  It^;ulation  of  the 
Articles  of  Association,  page  12,  and  as  a  matter  of  General 
lousiness,  Mr.  R  F.  Muirhead,  B.Sc.,  Delegate  from  the  Society 
to  the  British  Association,  1880,  read  a  Report,  which  was  ordered 
to  be  printed  in  the  Proceedings^  and  for  which  he  received  a 
cordial  vote  of  thanks. 

The  following  were  elected  Honorary  Members  of  the  Society : — 
Jolm  Tyndall,  LL.D.,  D.C.L.,  F.RS.,  dec,  Professor  in  the  Royal 
Institation  of  London;  Ernst  Haeckel,  Professor  of  Zoology  in 
the  University  of  Jena;  and  Andrew  Buchanan,  M.D.,  Emeritus 
Professor  of  the  Institutes  of  Medicine  in  the  University  of 
Glasgow,  late  President  of  the  Faculty  of  Physicians  and  Surgeons 
in  Gla^iow,  isc 

The  following  gentlemen,  who  were  balloted  for  as  Ordinary 
Members,  were  declared  duly  elected: — Mr.  Francis  Thornton 
Barrett^  Dr.  'William  Jack,  Dr.  John  Barlow,  Mr.  John  Lawson, 
Mir.  David  C.  Hamilton,  Mr.  Alexander  Nelson,  Mr.  Adam  Knox, 
and  Mr.  John  Stephen. 

(Signed)        WILLIAM  WALLACE. 


Jcmuary  5,  1881. 


The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
d'dock,  in  the  New  Buildings,  207  Bath  Street--Dr.  William 
Wallace^  President,  in  the  Chair. 

The  Minntes  of  the  last  Meeting  of  the  Society,  having  been 
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printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

The  Secretary  read  letters  from  Professor  Tjrndall  and  Dr. 
Andrew  Buchanan,  thanking  the  Society  for  their  election  as 
Honorary  Members.* 

The  following  were  admitted  as  Members  of  the  Society, 
viz. : — 

Mr.  Francis  Thornton  Barrett,  Professor  Jack,  Professor  Barlow, 
Mr.  John  Lawson,  Mr.  David  C.  Hamilton,  Mr.  Alexander 
Nelson,  Mr.  Adam  Knox,  and  Mr.  John  Stephen. 

All  signed  the  Declaration  and  received  the  Diploma,  with  the 
exception  of  Professor  Jack,  Mr.  John  Lawson,  and  Mr.  John 
Stephen,  who  were  not  present. 

The  following  were  proposed  as  Members  of  the  Society : — 
Mr.  William  Craig  Eamsay,  Writer,  134  St.  Vincent  Street 


*  **  Royal  Institution  op  Great  Britain,  20th  Dectmber^  1880. — Dear 
Dr.  M^Kendrick, — I  take  it  as  an  act  of  great  friendliness  on  the  part  of 
tho  Philosophical  Society  of  Glasgow  to  choose  me  as  an  Honorary  Member, 
and  I  beg  of  you  to  convey  to  the  Society  my  warm  thanks  and  acknowledg- 
ments for  the  distinction  conferred  on  me. — Faithfully  yours, 

(Signed)       John  Tyndall." 


(( 


"  186  Bath  Street,  Glasgow,  l^th  December,  1880.— To  the  Secratuy 
of  the  Philosophical  Society  of  Glasgow. — My  dear  Dr.  M'Kendriek,  I  bsg 
to  return  my  most  sincere  and  grateful  thanks  for  the  altogether  onexpeotod 
honour  which  the  Philosophical  Society  of  Glasgow  have  heen  pleased  to 
confer  upon  me,  in  appointing  me  to  be  one  of  their  Honorary  Members.  I 
would  have  been  fully  content  to  serve  out  my  time  in  the  ranks  as  as 
Ordinary  Member,  continuing  to  perform  such  little  duties  as  mi^t  fall 
to  my  share  in  carrying  on  the  work  of  the  Society;  although  I  caanot  but 
feel  that,  after  having  seen  the  snows  of  eighty-two  winters  pass  OTer  my 
head,  I  am  not  quite  the  same  man  I  was  under  the  Presidency  of  my  dear 
old  friend  Thomas  Thomson,  when  I  had  for  my  friends  and  oompanions 
such  men  as  Thomas  Graham,  Walter  Crum,  Andrew  Liddel,  and  your 
late  Secretary  William  Keddie,  besides  Andrew  Anderson  and  R.  D. 
Thomson.  With  these  men  I  was  borne  along  in  the  current,  and  did  wliai 
I  could  not  have  done  without  their  kind  encouragement  and 
and  what,  now  that  they  are  gone,  I  feel  myself  whoUy  oneqnal  to 

"  Please  convey  to  the  President  and  the  other  Offioe-bearas  »^ 
Members  of  the  Society  my  best  thanks'  for  the  honour  they  have  done  nm^ 
and  accept  the  same  for  yourself. — Ever,  my  dear  Dr.  M'Kendiidk,  yours 
most  truly,  (Signed)        A.  Binsrawaw.** 
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Reoommended  by  Mr.  John  Jex  Long,  Mr.  John  Urie,  and  Mr. 
Robert  R  Tatlock. 

Mr.  WUliam  Gilfillan,  Marble  Cutter,  129  St.  Vincent  Street 
Reoommended  bj  Mr.  David  Thomson,  Mr.  A.  Lindsay  Miller, 
and  Mr.  John  Mann. 

Mr.  John  Barclay,  Calico  Printer,  37  Monteith  Row.  Recom- 
mended by  Mr.  John  Kirsop,  Mr.  Archibald  Robertson,  and  Mr. 
John  Mann. 

Mr.  Robertson,  C.A.,  28  Renfield  Street.  Recommended  by 
Mr.  John  Kirsop,  Mr.  Archibald  Robertson,  and  Mr.  John  Mann. 

Mr.  Alfred  Schmidt,  Manufacturing  Chemist,  382  New  City 
Road.  Reoommended  by  Mr.  William  R.  W.  Smith,  Mr.  John 
Mann,  and  Mr.  Archibald  Robertson. 

Mr.  Victor  Zinkeisen,  Merchant,  30  Cochran  Street.  Recom- 
mended by  Mr.  William  R  W.  Smith,  Mr.  John  Mann,  and  Mr. 
Archibald  Robertson. 

Professor  M'Kendrick  read  a  paper  on  "The  Physiological 
Action  of  Anaesthetics,  being  chiefly  an  account  of  an  investiga- 
t;ion  of  this  subject  by  the  Glasgow  Committee  of  the  British 
Medical  Association,  consisting  of  Professor  M'Kendrick,  Dr. 
J'oseph  Coats,  Dr.  William  Ramsay,  and  Dr.  David  Newman." 
The  paper  was  illustrated  by  diagrams  and  apparatua  In  the 
discussion  that  followed,  Dr.  Newman  described  the  results  of  that 
portion  of  the  research  relating  to  the  influence  of  Anaesthetics  on 
the  Pulmonary  Circulation.  The  thanks  of  the  Society  were 
awarded  to  the  Committee. 

Mr.  F.  J.  Rowan  rejwi  a  paper  on  "  A  Method  of  foretelling 
the  Quality  of  Wheat  Harvests  by  the  Wheat  Blossoms,"  which 
contained  an  account  of  observations  on  this  subject  made  by  M. 
Bidard  of  Rouen.     Mr.  Rowan  received  the  thanks  of  the  Society. 

Dr.  Macphail  exhibited  and  explained  an  Apparatus  for 
estimating  the  amount  of  Fat  in  Bone,  by  means  of  a  continuous 
stream  of  Ether. 

The  following  gentlemen,  who  were  balloted  for  as  ordinary 
Members,  were  declared  duly  elected  : — 

Mr.  Henry  Davis,  Professor  James  Blyth,  Mr.  D.  M*Laren 
Soott^  Mr.  John  M'Kissack,  Mr.  Allan  Muir,  Mr.  John  Brown, 
Mr.  W.  J.  Rowan,  Mr.  Dimcan  Thomson,  and  Mr.  Andrew 
JamiaKm. 

(Signed)        WILLIAM  WALLACE. 
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January  19,  1881. 

The  Philosophical  Society  of  Glasgow  met  this  evening,  at 
o'clock,  in  the  New  Buildings,  207   Bath  Street— Dr.  Willi 
Wallace,  President,  in  the  Chair. 

The  Minutes  of  the  last  Meeting  of  the  Sodely  having 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read, 
were  confirmed  and  signed  by  the  Chairman. 


The  following  were  admitted  as  Members  of  the  Sodetj, 

Mr.   Henry  Davis,   Professor  Blyth,  M.A«,  Mr.   D. 
Scott,  Mr.  John  M'Kissack,  Mr.  Allan  Muir,  Mr.  John  Bro 
Mr.   W.  G.  Rowan,  Mr.   Duncan  Thomson,  and  Mr.    And 
Jamieson,  C.K 

All  signed  the  Declaration  and  received  the  Diploma,  with. 
exception  of  Mr.  Allan  Muir,  Mr.  W.  G.  Rowan,  and  Mr.  Dazi.< 
Thomson,  who  were  not  present. 

The  following  were  proposed  as  Members  of  the  Societj: — 

Dr.  Ramsay,  Lochwinnoch.     Recommended  by  Dr.  Fergus, 
M'Kendrick,  and  Mr.  John  Jex  Long. 

Mr.  Charles  H.   Barclay,  28  Westboume  (hardens, 
mended  by  Dr.  Henry  Muirhead,  Dr.  M'Kendrick,  and  Mr. 
Mann. 

Mr.  D.  M.  Macleod,  Merchant,  8  Victoria  Terrace,  Dowaol^'--^ 
Recommended  by  Mr.  W.  E.  Wingate,  Mr.  John  Mann,  and  -^^' 
M*Kendrick.  > 

Mr.  Laurence  Hill  Wight,  Lecturer  on  Mathematios  and  Tf^^^' 
gation  and  Nautical  Astronomy,  Mechanics'  Instituta 
mended  by  Mr.  Robert  R.  Tatlock,  Professor  Ferguson,  and 
M*Kendrick. 

Mr.  John  D.  Campbell  made  a  commnnication  "  On  the  PI-^^ 
of  Phonetics  in  Primary  Education,"  for  which  he  received  ^t** 
thanks  of  the  Society. 

Mr.  Andrew  Jamieson,  C.E.,  read  a  paper  on  ''The  HM9^ 
of  Selenium  and  the  Action  of  the  Selenium  Cell  in  Mr.  Gitli*^ 
Bell's  Photophone."     The  paper  was  illustrated  by  diagruni  tf^ 
experiments,  and,  in  particular,  Mr.  Jamieson  showed  a  new  fil^ 
of  Photophone  invented  by  himself,  the  efficiency  of  whid  M 
satisfactorily  tested  by  several  members  of  the  Sooiely.    After 
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some  discussioD,  in  whidi  Sir  William  Thomaoii,  Mr.  Miller, 
FktxfeBaor  Blyth,  Mr.  Mayer,  and  Mr.  Mmr  Uxk.  part^  Mr. 
JamicBon  received  tlie  thanks  of  tlie  Society. 

Dr.  David  Newman  exhibited  and  explained  an  Apparatus  far 
Kstimating  the  Amoont  of  Hsmo^^olnn  and  Bfliary  Figments  in 
Urine  by  means  of  the  Spectroscope. 

Professor  M^endrick  showed  a  Ghnmogn^ih  of  simple  con- 
stmction,  sent  to  him  by  Professor  Kronedcer,  Physiological 
laboratory,  Universil^  of  Berlin,  and  inyented  by  Dr.  GrannuM^L 

The  foUowing  gentlemen,  who  were  balloted  for  as  Ordinary 
Members,  were  declared  duly  elected : — 

Mr.  William  Oraig  Bamsay,  Mr.  William  Gilfillan,  Mr.  John 

Barclay,  Mr.  Bobert  Paterson,  Mr.  Alfred  Schmidt^  and  Mr. 

Tictor  Zinkeisep.  

(Signed)        WILLIAM  WALLACE. 


FAruoury  2,  1881. 

The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eij^t 
^^dock,  in  the  New  Buildings,  207  Bath  Street— Dr.  William 
Vfillaoe,  President^  in  the  Chair. 

The  Minutes  of  the  last  Meeting  of  the  Society  having  been 
^fxmted  in  the  notice  calling  tins  Meetings  were  held  as  read,  and 
confirmed  and  signed  by  the  Chairmam. 
The  Secretary  read  a  letter  from  Professor  Hsckel,  thanking 
Society  for  his  election  as  an  Honorary  Member.* 

The  foUowing  were  admitted  as  Members  of  the  Society,  viz.: — 

Mr.  William  Craig  Bamsay,  Mr.  William  Gilfillan,  Mr.  John 
^trday,  Mr.  Bobert  Paterson,  Mr.  Alfred  Schmidt^  and  Mr. 
^Hctor  Zinkftisen. 

**  Jxir^  Zl$t  December,  1880.— To  the  Philosophical  Society  of  Glasgow. 

^^«^Ihe  Philosophical  Sodety  has  done  me  the  high  honour  of  appointing 

1^^  an  Honorary  Member.      Whilst  I  retnm  them  my  most  heartfelt 

^tianks  for  thift  hononrable  distinetion,  I  recognise  in  it,  not  so  much  a 

^^sward  for  sdentifio  services  already  rendered,  as  an  encouragement  to 

QQntimie  the  exertions  in  the  paths  of  biological  research  to  which  I  have 

Iheady  devoted  twenty  years.    I  know  that  in  this  I  shall  have  the 

iyaqpakhy  ol  the  Members  of  the  Philosophical  Society  of  Glasgow;  and 

irith  renewed  assnranoe  of  my  sincere  thanks,  I  b^  that  they  may  con- 

tnma  to  have  me  in  their  good  esteem.  (Signed)     Ernst  HiECKEL." 

Vol.  XIII.— Na  1.  b 
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All  signed  the  Declaration  and  reoeived  the  Diploma,  with  the 
exception  of  Mr.  Robert  Paterson,  Mr.  Alfred  Schmidt,  and  Mr. 
Victor  Zinkeisen,  who  were  not  present.  Mr.  Adam  Knox,  Mr. 
Allan  Muir,  and  Mr.  Duncan  Thomson  also  signed  the  Declaration 
and  received  their  Diplomas. 

The  following  were  proposed  as  Members  of  the  Society : — 

Mr.  William  Milne,  Mathematical  and  Science  Master,  High 
School.  Recommended  bj  Mr.  Thomas  Muir,  M.A.,  F.R.S.K, 
Dr.  Muirhead,  and  Mr.  John  Robertson. 

Mr.  William  Reid,  Mathematical  and  Science  Master,  High 
School.  Recommended  by  Mr.  Thomas  Muir,  M.A.,  F.RkS.K, 
Dr.  Muirhead,  and  Mr.  John  Robertson. 

Mr.  William  Buchanan,  Registrar,  10  Carrington  Street,  West 
Recommended  by  Mr.  Alexander  Scott,  Dr.  Fergus,  and  Mr. 
John  Robertson. 

Dr.  Maddiver,  Rothesay.  Proposed  by  Mr.  John  Kirsop,  Dr. 
Fergus,  and  Dr.  M'Kendrick. 

Mr.  Charles  J.  Blair,  6  Alfred  Terrace,  Hillhead.  Proposed  by 
Mr.  Thomas  D.  Ci^ee,  Charles  Wilson,  and  Archibald  Robertson. 

Sir  William  Thomson  stated  that  since  the  last  meeting  of  the 
Society  he  had  had  an  opportunity  of  reexamining  the  eflfects  pro- 
duced by  the  form  of  Photophone  invented  by  Mr.  Jamieaon,  and 
that  he  was  satisfied  that  articulate  language  could  be  transmitted 
with  remarkable  fidelity  and  distinctness. 

Mr.  Archibald  Hewat,  F.F.  A.,  read  a  paper  on  '*  Mortalitj 
Tables,''  for  which  he  received  the  thanks  of  the  Society. 

Mr.  John  Aitken,  F.R.S.R,  Darroch,  Falkirk,  read  a  paper 
"On  the  Formation  of  Mists,  Fogs,  and   the   Condensation  of 
Watery  Vapour,"  *  in  which  he  illustrated  by  various  experimenti  ^ 
his  view  that  nuclei,  in  the  form  of  fine,  impalpable  dust-partidei^ 
form  centres  around  which  watery  vapour  condenses.     After 
remarks  by  the  President,  Sir  William  Thomson,  Professor  Ji 
Thomson,  Mr.  James  Robertson,  Mr.  Goodwin,  Mr.  Evann^ 
Mr.  W.  R.  W.   Smith,  Mr.   Aitken  received  a  cordial  vote  «■ 
thanks  for  his  paper,  which  he  had  kindly  communicated  to  tt^ 
Society  at  the  request  of  the  Council. 


*  This  paper  has  appeared  in  the  Proceedings  of  the  Royal  SodiAj  o 
Edinburgn  for  the  present  Session. 
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Hie  fikllowing  geniknieii,  wbo  were  balloUed  far  as  OrdiiMuy 
MembeiB,  were  declared  duly  elected : — 

Dr.  Bamaay,  Mr.  Charles  H.  Barclay.  Mr.  D.  M.  Madeod,  and 
Mr.  Lanrenoe  Hill  Wi^t. 

(Signed)        WILLIAM  WALLAGK 


Fdnuary  16,  1881. 


The  Fhilosopliical  Society  of  Glasgow  met  this  erening,  at  ei§^t 
o'dodc,  in  the  New  Buildingi,  207  Bath  Streetr— Dr.  William 
Wallace,  President^  in  the  Chair. 

The  Minutes  of  the  last  Meeting  of  the  Society  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  oanfiimed  and  signed  by  the  Chairman. 

The  following  were  admitted  as  Members  of  the  Society,  viz.: — 

Dr.  Bamsay,  Mr.  Charles  H.  Barclay,  Mr.  D.  M.  Macleod,  and 
Mr.  L  H.  Wi^t. 

Sir  William  Thomson  showed  a  number  of  interesting  experi- 

ii^ents  with  Gyrostats,  and  exi^ained  their  dynamical  principles, 

<Qd  their  i^lication  to  the  illnstration  of  the  Precession  of  the 

^iiinoxes,  the  FH^t  of  a  Conical  Ballet^  and  Faraday's  Law  of 

^^  Rotation  of  Polarised  Lig^t  in  the  Magnetic  Reld.     A  vote 

^^  '^'Kaxiks  was  ocnrdially  given  to  Sir  William  Thomson. 

^^^ofeoBor  Blyth  read  a  pi^P^  "  On  a  Wire  Telephone  or  Electric 
^otiieter,''  and  illustrated  its  action  by  experiments.  He  also 
^^'W^  the  action  of  various  kinds  of  Telephonic  Transmitters  and 
iTen^  suidi  as  the  Wire-drum  Beceiver,  the  Grindstone  Be- 
^^  ^,  and  a  T^nansmitter  containing  copper  plates  and  red  amor- 
^^^^"^^  I^ioqdiaious,  which  he  had  recently  invented,  and  in  which 
.  ^^^Me  electrical  current  was  produced.  After  some  remarks 
^    ^ir  William  lliomson,  Mr.  Blyth  received  the  thanks  of  the 


k 


.  ^ir  William  Thomson  represented  to  the  Society  that  it  was 

^^Wy  desirable  immediately  to  petition  the  Government  regarding 

^^  I*w  of  Patents,  in  the  same  terms  as  those  of  the  petition 

If^^^^ented  last  year,  and  he  moved  that  the  Committee  of  last  year 

^  ^csppointed.    This  moti<m,  seconded  by  Mr.  Mayer,  was  unani- 
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mously  agreed  ta  Dr.  M'Kendrick  moYod,  and  Mr.  James 
Thomson  seconded,  that  the  Committee  be  entmsted  with  poiwera- 
to  petition  the  Government  in  the  terms  of  the  petitioii  of  last  year, 
and  to  watch  the  progress  of  the  matter.  This  was  alao  unani- 
mously agreed  to. 

The  following  gentlemen,  who  were  ballotted  for  as  Ordinaij 
Members,  were  declared  duly  elected : — 

Mr.  William  Milne,  Mr.  William  Reid,  Mi\  William  Badianaiv 
Dr.  Maddiver,  and  Mr.  Charles  J.  Blair. 

(Signed)    MICHAEL  CONNAL  for  Dr.  WALLACE. 


Ma/reh  2,  1881. 

The  Philosophical  Sodety  of  Glasgow  met  this  evanii^  at 
o'clock,   in  the  New  Buildings,  207  Bath  Street— Mr.  Micli* 
Connal,  Vice-President,  in  the  Chair. 

Tlie  Minutes  of  the  last  Meeting  of  the  Sooietyy  having 
printed  in  the  notice  calling  this  Meeting,  wero  held  as  read, 
were  confirmed  and  signed  by  the  Chairman,  on  behalf  of    ^V 
Wallace,  who  presided  at  last  Meeting. 

The  following  were  admitted  as  Members  of  the  Socief^,  tiv-  ^ 


Mr.  William  Milne,  Mr.  William  Eeid,  Mr.  William 
Dr.  Maddiver,  and  Mr.  Charles  J.  Blair. 

All  signed  the  Declaration  and  received  the  Diploma,  witL 
exception  of  Dr.  Maddiver,  who  was  not  present.     Mr.  ICdi*^ 
Simons,  Dr.  Ramsay,  and  Mr.  Laurence  Hill  Wight^  also  mff>^ 
the  Declaration,  and  received  their  Diplomas. 

The  following  were  proposed  as  Members  of  the  Society: — 

Mr.  John  W.  Spence,  Ardlin,  HelensburgL  Eeoommended  1)J 
Dr.  Wallace,  Mr.  Napier  Smith,  and  Mr.  John  dark. 

Mr.  George  G.  Chisholm,  Litterateur,  Messrs.  Bbudde  A  Soa» 
17  Stanhope  Street.  Recommended  by  Dr.  Glaister,  Dr.  M^Ktf^ 
drick,  and  Mr.  Michael  Connal. 
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Mr.  Qavin  Milkr  Badianan,  Registrar  of  Birthsi  Ac,  121 
Kennedy  Street^  Glasgow.  Recommended  by  Dr.  Olaister,  Mr. 
Alexander  Sooit^  and  Dr.  M'Kendrick. 

Mc  T.  Lindsay  Gkdloway,  Civil  Engineer,  28  St  Enoch  Square. 
Beoonunended  by  Sir  William  Thomson,  Mr.  J.  T.  Bottomley,  and 
Mr.  William  Ker. 

Mr.  T.  H.  Jones,  Principal  of  the  Greenock  Articulation  School, 

lately  firom  the  School  of  Yocal  Physiology,  Boston  University, 

U-&A.,  read  a  paper  on  "Visible  Speech  and  its  Application  to 

the  Teaching  of  the  Deaf."     He  illustrated  the  system  with  the 

Aid  of  four  girls,  who  showed  remarkable  proficiency  in  the  use 

<^  the  physiological  alphabet  of  Mr.  Melville  Bell,  and  in  lip 

^^x^gus^ge.      They  articulated  distinctly,  and  showed  that  by  this 

metiiod  they  had  acquired  a  knowledge  of  reading,  writing,  and 

^f^^hxiietia      After  some  remarks    by  Professor    Ramsay,  Dr. 

^'^Cendrick,   Dr.   Barr,  and    Mr.    David   Edward,   Mr.   Jones 

''^^^oiv-ed  the  cordial  thanks  of  the  Society  for  his  interesting 

^^^^^mxinicalion. 

(Signed)        WILLIAM  WALLACE. 


March  16,  1881. 

^^?lie  Philosophical  Society  of  Ghisgow  met  this  evening,  at  eight 
^^^,  in  the  New  Buildings,  207  Bath  Street— Dr.   Wallace, 


,  in  the  Chair. 
^^1^  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
,^^ted  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
^^e  confirmed  and  signed  by  the  Chainnan. 

The  following  were  proposed  as  Members  of  the  Society: — 

Bailie  John  Mowat,  13  Montgomerie  Crescent,  Kelvinside. 
Recommended  by  Dr.  Wallace,  Mr.  Michael  Connal,  and  Bailie 
4lorn80iL 

Mr.  Robert  Binnie,  Merchant^  Ashboum,  Gourock.  Recom- 
mended by  Mr.  J.  L.  Mitchell,  Mr.  Michael  Connal,  and  Mr. 
Bobert  BallodL 

Mir.  William  Wilson,  Merchant,  Yiiginia  Buildings,  Glasgow. 


3SS  Fk&uapkieBd  Sxiety  of  ^iaagamr. 

Beeomziiaufeti  bj  Mr.  J.  L.  Mn-irfHHl.  Mn  ltit*»*t  CSaonaE, 
Xr.  Rohsn  BftEudL 

Xr.    JoBeph.  J**fErjsA,    Diacruic   Xiizui^er.   2!iakttaial 
Compuiy  4  Limited  <.  13  Roy^al  Exciuuigie  Sqaaic 
hf   Mr.  D&viii  i^rihsuiu   Jnn..   Xr.   Jo&ii  BobertBoo,  and 
Archibald  Boberracii. 

Mr.    XiixwcII    Himmij.    104   West  Geor^  Stroei. 
mefiiipii  by  Xr.  J^&mes  L.  XirchelL  Xc  Vw*fc**^  Gomnl,  and 
X^Kendzick. 

Xr.  Gilbort  Beisii.  i^  West  Xile  Screec    Recomnieiftdfid  by 
JuMB  L  XiLcbfilL  Xr  Xidbiel  Counal,  and  Dr.  X'Kendiick. 


Xr.  JcaepiL  D.  Swuiu  of  NewcajftLksapQa-Tjne, 
Sociecj  aa  hia  mecfaod  of  Eleccrie  T  igfcfciwg  \fj  ^n. 
Lampu     He  described  the  cozLscmccioxL  of  bis  bunps^  30  of  wli:^^ 
were  exbibiced  in  fiill  openuxon  in  the  room.     He  showed  Ik^^v 
the  aomber  migbc  be  regulated.  And  how  qoicklj  one  lamp  m^S^^ 
be  aubscituced  for  ^nodier.      He  also  showed  a  laiap  ■piii^^V 
deaigned    for   oae   in   mines       The  addresB   was  Ofaatntod      ^ 
bnlliazLt  experimeacsk      In  the  diacusBboiiy  ronarb  were  andie     ^ 
the  President,  :&  William  Thomaoo,  Xx:  T.  K  Qplrie,  F.O-^ 
Xr.  JamiesoD,  C.E.,  Xr.  Xordmer  Erazia^  C.E..  ProiBOBar  JmmMM^ 
Thomaoo.  Xr.  W.  R  Bachan,  Professor  Blyth,  Xr.  Mactear,    ^^' 
Xajer,  Xr.  N.  Dnnlop.  and  Dr.  X^Kendrkk.     A  conliai  T&te    ^ 
thanks  was  giren  to  Xr.  Swan.      A  rote  of  thanks  w«i  ml^ 
awarded    to   Xessrs.    D.   k  G.    Graham,    Tel^rifih  Ei^faafBei^^ 
Sandiiehall  Street,  for  soppljing  the  electric  conent,  luid  ^^ 
w^^Tig  the  necessarr  arrangements  for  tnnsmittiiig  it  from  th0^ 
premises  in  San^'htehal!  Street  to  the  rooms  of  the  Socieij.    1^ 
machine  employed   was  a   6   Gramme,    aotked  by  a  4}  &''- 
fftcam  engine. 

The  foUowing  gentlemen,  who  were  balktted  for  as  OrdiniiT 
Members,  were  declared  dnlv  elected: — 

Mr.  John  W.  Spence,  Mr.  George  G.  Chiahofan,  Mr.  Gam 
Miller  Buchanan,  and  Mr.  T.  lindaa  j  GaBowaj. 

(Signed)        WILLIAM  WALLACE 


Marck  30,  1881. 
The  Philosophical  Society  of  Glasgow  met  this  evening,  at  aUt 


I 
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o'clock,  in  the  New   Buildings,  207  Batb   Street — Dr.  Wallace, 
Premdent^  in  the  Chair. 

The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

The  following  were  admitted  as  Members   of    the    Society, 


Mr.  John  W.  Spence,  Mr.  George  G.  Chisholm,  Mr.  Gavin 
Miller  Buchanan,  and  Mr.  T.  Lindsay  Galloway. 

The  following  was  proposed  as  a  Member  of  the  Society : — 

Mr.  Archibald  Watson^  Plumber,  29  Elmbank  Crescent.  B.e- 
commended  by  Mr.  W.  Forrest  Salmon,  Mr.  Richard  Nairn,  and 
Mr.  Allan  Muir. 

Dr.  Eben.  Duncan  read  a  paper  entitled — ''Some  Observa- 
^tions  on  our  Present  Methods  of  Disposal  of  Human  Excreta,  and 
^their  Relation  to  the  Spread  of  Epidemic  Disease."  After  some 
^lacimaiony  a  cordial  vote  of  thanks  was  given  to  Dr.  Duncan. 

Dr.  M'Kendrick  showed  an  arrangement  for  Demonstrating 
Ae  Rhythm  of  the  Pulse  by  sound. 

Mr.  Alexander  Scott  showed  and  described  a  large  Index 
Sarometer,  invented  by  himself,  by  which  the  movements  of  the 
liazometrical  column  were  much  amplified. 

Mr.  Mayer  moved,  and  Mr.  Alexander  Scott  seconded,  that  the 
fresident  and  Secretary  be  authorised  to  sign,  on  behalf  of  the 
Society^  a  Petition  to  Parliament  in  support  of  the  Patent  Law 
Amendment  Bill,  and  to  affix  the  seal  of  the  Society  thereto.* 

The  foUowing  gentlemen,  who  were  ballotted  for  as  Ordinary 
Members,  were  declared  duly  elected: — 

Bailie  John  Mowat^  Mr.  Robert  Binnie,  Mr.  William  Wilson, 
Mr.  Joseph  Jeffries,  Mr.  Maxwell  Hannay,  and  Mr.  Gilbert 
Beith. 

(Signed)        WILLIAM  WALLACE. 


*  A  Petitioii,  nmikr  to  that  printed  on  page  425  of  the  ProceecUnga  for 
1879-80,  WM  drawn  np,  signed,  and  forwarded  to  Mr.  George  AndexBon, 
M.P.,  who  pfeecnied  it  to  the  House  of  Commons. 
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A^  13.  ISdl. 

The  FfuIoaopiiic&I  Sodecj  of  Gkagav  nee  this  eroiiig,  at  ei^t 
o'clo«^  in  cne  New^  Boildiiis^  207  Btth  Street— Dr.  Wallaoe, 
P^eadenCy  in  die  Chair. 

The  Hinntes  of  die  bisc  M€eczn^  o£  die  Sodetj,  haTing  been 
piinttd  in  die  nocke  ^^^Hng  thfa  Meecin|^  were  held  as  read,  and 
confirmed  &&!  $z:r!ied  bT  die  Chairman. 


The  foDowinf  wvre   admhsed   as   Membeia  of   die    Sociefy, 


Bailie  John  Mow;i:.  >Ir.  Robert  Binnie,  Mr.  Wiltiam  Wilaon, 
Mr.  Joseph  Jefiies.  Mr.  Maxwell  Hannar,  and  Mr.  Gilbert  Beith. 

Mr.  WiLxn  and  Mr  Hannav  signed  die  dedaiatkm,  and 
reoeiTed  dieir  diplomat 

Mr.  Napier  Smidi  reiki  a  paper  on  die  '*  Origin  and  Formation 
of  Ookmry'*  which  he  illoscrated  bj  experiments^  and  for  vhidi  he 
receiTed  the  thanks  of  the  Sodetj. 

Mr.  James  Hannaj  showed  an  experiment  pioving  that  iee 
cannot  be  superheated  in  noctco,  as  stated  bj  Dr.  Ounelly.  Afler 
some  remaps  bv  Sir  William  ThomsiBiy  ProleaBor  James  Thomno, 
and   Mr.    Coleman,    Mr.    Hannav  receiTed  the  dianka    of    Ite 


*  In  a  letter  to  the  Secrttary,  Mr.  Haanay  thus  deaeribes  the  eip«i- 


«<  PuTATK  Labokatqry,  Sword  S-rkbt,  Glasoow,  IM  ^ff^  inL— 
Prof.  JohnG.  M'Kendiick,  M.D.— Dear  Sir,— Theezperimeaitlahowedwai 
thii: — A  piece  of  clear  transparent  ice  was  frocm  rooiid  a  thanoflSMlVv 
and  then  placed  in  a  flask  fall  of  mercury  below  0*.  The  fladL  wis 
fitted  with  astopper  throagk  which  passed  a  long  tnbe  and  the  thanoflSMlv. 
By  inverting  the  mercury  ran  oot,  leaTing  a  TorriodliaB  TaoenQm  ia  tiw 
flask  containing  the  ice.  The  bnlb  of  die  flask  was  placed  in  a  fnmB% 
ndxtnre,  while  the  ice  was  in  the  neck  protruding  from  the  mixtore.  Xhs 
g^aas  rofind  the  ice  conld  be  heated  to  the  softening  point  withoat  the  ks 
showing  the  slightest  signs  of  melting.  Increase  of  heat  ofdy  iacreaaad  As 
raU  of  Tolatilization  of  the  ice,  as  increase  of  heat  only  increaaes  the  ttli 
of  boiling  of  water  without  raising  its  temperature  over  lOQT.  B|f  tti 
vacuum  the  boiling  point  of  the  water  is  lowered  behnr  its  Jreeumg  piMi 
so  the  ice  can  never  melt  but  only  volatilize  directly  from  the  solid  atila— 
the  two  operations,  fusion  and  boiling,  being  performed  as  one.  I  hops  I 
haye  saooeeded  in  making  the  matter  dear. — I  am,  faithfully  jimn, 

"  (Signed)       J.  B.  Hanui;* 
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Mr.   Archibald  Watson  was  duly   elected    by  ballot  as   an 
Ordinaij  Member  of  the  Society. 

(Signed)        WILLIAM  WALLAOR 


AprU  27,  188L 


The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
o'docky  in  the  New  Buildings,  207  Bath  Street — Dr.  Henry 
Mnirhead,  Vice-President,  in  the  Chair. 

The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

Mr.  Archibald  Watson  was  admitted  a  Member  of  the  Society, 
jogned  the  declaration,  and  received  his  diploma 

Dr.  James  Stirton,  F.L.S.,  &c,,  read  a  paper  on  the  "  Vegetable 
JParasites  on  the  Tea  Plant,  more  especially  that  of  Assam,"  for 
^whick  he  received  the  thanks  of  the  Society. 

Mr.  James  Thomson,  F.G.S.,  read  a  paper  on  '*  Corals — 
^Alveolites,  Amplezos,  and  Zaphrentis,"  for  which  he  received  the 
^liaaks  of  the  Sodeiy. 

Dr.  M'Vail  made  some  observations  in  approbation  of  Mr. 
"XliomsQn's  work,  and  suggested  that  the  Society  should  consider 
%he  expense  Mr.  Thomson  bears  in  connection  with  the  illustration 
C3f  his  several  papers  read  before  the  Society,  and  the  propriety  of 
bis  being  relieved  of  such  expense  by  the  Society. 

(Signed)        WILLIAM  WALLAOK 


The  Society  held  another  Meeting  on  7th  May,  1881,  when 
Mr.  John  P.  Craig  read  a  paper  on  **  The  Cleansing  of  Cities  and 
the  XJtilimtion  of  Sewage,"  and  when  Reports  were  given  in  from 
the  various  Sections.  The  Minute  of  this  Meeting,  if  approved, 
win  appear  in  next  volume  of  the  Proceedings, 
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DozxiL^  iii<e  S«Bsac<c  aeT^i  MecczD^  of  the  Scccioii  have  been 
keid,  cLe  piper?  read  ^.eJT^z  *&  fotlows: — 


I>stxmb*rr  S.  1SS*.\— D&^.i  TbonBoc  Esq.,  F.RLBLA.,  Pk«sidem 
of  the  ^^ctioG.  deliTiend  bi?  Opening  Addres — '^  Tlie  Ardntectore 
of  Gbaeoir.^ 

Z>9ee»5(fr  f:!,  IS^j.—Mr.  Boben  Tamball  raid  m  piper  entitled 
-  Xoces  oc.  Baildisz  C^cssncdoci." 

Jantsagy  26.  IScl. — Mr.  Eivaid  Hoveil  reftd  a  paper  oq  <*Tlie 
Arastio  TotoieDcv  of  Hocse  FamLshing.  Mnd  kow  best  to  gnfitnin 
and  pioiDoce  ic* 

Febrmary  $,  IS^l. — Mr.  Robert  Sooct  read  a  p^ier  oq  ^  Metasaren, 
xheir  po6id<Hi  and  prmcticeL'* 

February  23.  IS^l. — ^The  discossioD  on  Mr.  Scott^a  pi^er 
continued. 

JIarek  9,  1S61. — Mr.  John  Honejman,  F^KLRA.,  lead  a  paper 
on  ^  T^igS^^^^  alfecting  DvelBng-HooaoB.'" 

March  23, 1851.— Mr.  John  Danskcn  read ap^ierim  <<  BmUm^ 
Constniction,  a  protection  from  Fire:" 

The  thanks  of  the  ^Section  are  due  to  all  tkeae  gentkofeeii. 

Daring  the  Session  8  asaocdates  were  admitted  to  Seciioii. 

On  March  23,  after  the  discnaBions  on  Mr.  John  Danakmi's 
paper,  the  Annual  Meeting  of  the  Section  was  kdd,  for  tke 
purpose  of  reoeiying  Reports  of  last  Session  and  elecliiig  Office- 
bearers for  the  Session. 

The  following  gentlemen  were  elected  to  office: — 

Fretident, — James  Sellars,  Esq.,  Architect 

Viee-Frendenls, — Messrs.  James  Thomson,  ArdiitocC^  and 
Geoige  J.  Combe,  Esq.,  Engineer. 

Treoiurer, — James  Howell,  Esq.,  146  Buchanan  Street 

Secretary.— A.  Lindsay  Miller,  121  West  Begent  Street 
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Members  of  Coundl. — Mr.  John  Honeyman,  Mr.  Campbell 
Douglas,  Mr.  Robert  Scott,  Mr.  David  Thomson,  Mr.  Bobert 
Tumbnll,  Mr.  John  Cowan,  Mr.  William  Landless,  Mr.  Alexander 
Muir,  Mr.  John  Dansken,  Mr.  T.  L.  Watson. 

(Signed)        A.  Lindsay  Miller,  Secretary. 


Bbport  of  the  Biological  Section  fob  Session  1880-8L 

The  Office-bearers  ^  of  this  Section  are  the  same  as  last  year. 
During  the  Session,  papers  were  read  by  the  President,  Dr.  Stirton, 
and  by  Mr.  James  Thomson,  F.G.S. 

(Signed)        D.  C.  M^Vail,  Secretary, 


Bbport  of  the  Chemical  Section  of  the  Philosophical 

Society  for  Session  1880-81. 

During  Session  1880-81  this  Section  held  nine  (general  Meetings, 
at  which  the  average  attendance  was  29.  Twenty-two  gentlemen 
were  admitted  associates  of  the  Section  in  the  course  of  the  Session. 

The  following  is  a  list  of  the  papers  contributed  to  the  Section : — 

November  8,  1880. — (1)  President's  Opening  Addresa  (2) 
'^  On  the  Desilverization  of  Lead  by  the  Zinc  Process,''  by  Mr. 
J.  £.  Stoddart. 

November  22,  1880. — "On  the  Action  of  Concentrated 
Solphuric  Acid  on  Lead,  at  Ordinary  Temperatures,"  by  Mr.  Jas. 
Napier,  Jun.  An  important  discussion — ^in  which  Mr.  Mactear, 
Mr.  G.  Hope,  Mr.  W.  G.  Chrystal,  Dr.  Wallace,  Mr.  Stoddart, 
and  others  took  part — ^followed  the  reading  of  this  paper. 

December^  6,  1880. — *  "  On  the  Chemistry  of  Sewage  Precipita- 
tion," by  Dr.  Wallace. 

December,  20,  1880.—*  "  Geber,"  by  Professor  Ferguson.  § 

t  lilt  of  Offioe-bearers  will  be  found  on  p.  272. 

I  The  pabHcation  of  this  paper  has  been  deferred  by  the  author  till  next 


F^drmry  f  1.  I^l— ^1«  -  0&  ife  Rownl  «!  AqfosoiB  Vapour 
from  Air/  by  Mzi  CcJOBiz.  ^f )  *-  On  fomt  Beseutbei  ^■«"'***^^ 
wna  ik»  Hanrffc-ggy  cf  Ani&al  lfjuniR%'  br  Mr.  H.  B. 
TwOer.  i3i  - CViib?  Fssasiaa  of  Sovfiam  Hjdale  firan  the 
Soipbk"  W  Mr.  Ei  J  Brric.  aad  Mr.  C.  F.  G^ml 

Jr«n3l  7. 1SS>L— >1^  ^  Oiibe  Arn&sil  Phxiiicdoii  of  Indigo," 
br  Mr.  A.  G.  Perkiz.  .f  •  -  0:i  cbe  Sase  of  Cbrton  in  Iron  and 
Sceiei.''  bj  I>r.  StvIikt  Msraisi.  (3>  "-On  a  Xew  Oomponnd  of 
HTdrogeniai:!.*  by  Ix^-Ccl  W.  A.  Robs. 

JpriT  4.  1>51.— <!,♦  -tV  Soap  Amlysa,"  by  Mr.  C.  Hope. 
(f  ^  **On  ibe  O^rcrrmce  :kad  Compositian  of  Eoxenite  and  oilier 
nre  Minenh."  by  Dr.  IXobbie.  3ir.  K  TlnaMnn,  aai  Mn  K  B. 
Cbik.  <S>  -^Qi^  *Jie  Ooni^mxi  of  Dolaailic  TiaifUaie  mto 
Seqiautinei.^  by  Dr.  Ddbl)ML 

The  pigpen — foar  ia  number — marked  widi  an  asteriak,  vere 
recommended  to  the  CoGndl  of  the  Fbiloaophical  Sock^  for  piifali> 


A  full  repon  of  the  dbcusians*  taken  by  Mr.  Cumin^bnin, 
Shorthand  Reporter  to  the  Section,  is  piiiaeiied  ^mn^g^  ^^ 
pi^>ers  of  the  Section. 

<Signed)      Jaxis  Johssiqs  DoBBnc, 


RXPORT  OF  THE  SaXITARY  AND  SOCIAL  EoDXOXT  SBCTKm 

FOR  Session  ISdOSl. 

No  meeting  of  the  Coondl  of  the  Sanitaiy  Section  baa  beea  hold 
ainoe  17th  November  last,  on  which  date  the  offioe4Maiaa  of  tte 
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Section  were  elected,  and  the  programme  for  the  Session  agreed 
apon.*  Of  the  papers  recommended  by  the  Sanitary  Section  to  the 
Council  of  the  Society  as  suitable  to  be  read  before  the  General 
Meetings  of  the  Philosophical  Society,  all  were  read  except  the 
paper  by  Dr.  Neil  Carmichael  <'  On  an  Experimental  Investigation 
into  the  Tn^  and  Water-Closet  System,  and  the  Belation  of  the 
same  to  Sewage  Products,  Gaseous  and  other."  Dr.  Carmichael 
was  not  able  to  complete  his  investigations,  so  that  this  paper  ia 
forward  to  next  Session. 

(Signed)        Eben.  Duncan, 

Secretary  to  the  SanUary  SeeUcn, 


*  liat  of  OflBoe-bearen  will  be  foond  on  p.  273. 
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Conrs  de  Caloul  Infinitemmal.     By  J.  HoiieL    4  Vols. 
Plrehistoric  Burope  :  a  Geological  Sketch.    By  James  Geikie^  LL.D., 

1881. 
The  Electric  Light :  its  Production  and  Use.    By  J.  W.  Urquhatt,  CJ 

1880. 
Selected  Essays.    ByMaxMUUer.    2  Vols.     1881. 
Popular  Lectures  on  Scientific  Subjects.    2  Vols.    By  H.  L.  F.  HiiIiiiImiIIwi  " 

1881. 
Celtic  Scotiand :  a  History  of  Ancient  Alban.    By  W.  F.  Skena.    3  Vc 

1880. 
History  of  the  Western  Highlands  and  Islands  of  Scotland,  from  ▲.!>.  1^ 

to  1625 ;  with  an  Introductory  Sketch,  from  A.D.  80  to  14831    188L 
Heat  a  Mode  of  Motion.    Sixth  Edition.    By  John  Tyndall,  D.C.L.,  ftc. 

1880. 
Past  in  the  Present.    By  Arthur  Mitchell,  M  J).     1880. 
Natural  Philosophy.     Parts!.,  II.    ^  Tait  and  Thomson. 
Evolution,  Expression,  and  Sensation.    By  John  Cleland,  M.D.,  Ac    1881. 
Introduction  to  the  Philosophy  of  Religion.    By  the  Very  Rev.  Princ^sl 

Caird.    1880. 
Muscles  and  Nerves.    By  Dr.  I.  Rosenthal     1881. 
A  Theoretical  and  Practical  Treatise  on  the  Manufacture  of  Sa^hnric  Asid 

and  Alkali,  with  the  Collateral  Branches.    By  Geoige  Longs,  FIlDl, 

&c.    3  Vols.     1880. 
Catalogue  of  Books  and  Papers  relating  to  Electricity,  Magnsfeini,  the 

Electric  Telegraph,  &c.,  including  the  Ronald's  fibrary.    1880L 

Extinct  British  Animals.    By Harting.     1880. 

Natural  History  of  British  Fidies,  their  Stmctore,'  Bocmomio  UssB, 

Capture  by  Net  and  Rod.    By  Frank  Buckland.    iMO. 
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Blementary  ResnltB  in  Pore  and  Applied  Mathematics.    VoL  I.,  Paart  L 

By  G.  C.  CSarr.    1880. 
A  TreatiBe  on  the  Esculent  Fungoaes  of  England.    By  Charles  BadhaiiH 

M.D.     1888. 
The  Statesman's  Year  Book.     1881. 
A  Monograph  of  tiie  Silurian  Fossils  of  the  Girvan  District,  in  Ayrshire. 

Eascicnlus  HI.     By  Nicholson  and  Etheridge.     1881. 
The  Philosophy  of  Kant.    By  Professor  Edward  Oaird.    1877. 
Ideal  Chemistry.    By  Sir  B.  C.  Brodie.     1881. 
Repertorium  Commentationum  a  Sooietatibns  litersriis  Editamm.   16  V6U. 

By  J.  D.  Reus.     1821. 
Anthropology  :  an  Introduction  to  the  Study  of  Man  and  Civilisation.    By 

Ed.  B.  Tylor,  D.C.L.,  &c.     1881. 
A  Physical  Trettise  on  Electricity  and  Magnetism.    2  Vols.    By  J.  £.  H. 

QordoDf  KA. 
Monograph  of  the  British  Aphides.  Vol.  III.   By  George  B.  Bnokton.   1881. 
Sight :  an  Exposition  of  the  Principles  of  Monocular  and  Binocular  Vision. 

By  Joseph  Le  Conte,  LL.D.     1881. 
Among  the  Books  Around  Glasgow.    By  Dugald  BelL     1881. 


The  Philosophical  Society  Exchanges  with  thb 
FOLLOWING  Societies,  disc.: — 


Academia  Real  das  Sciendas  de  Lishoa,    . 

Academy  of  Natocsl  Sciences  of  Philadelphia,   .  PhUadelphia^ 

Academy  of  ScieQM^ Connecticat. 

Academy  of  Sdenoe, St.  Louis. 

American  Academy  of  Arts  and  Sciences,  .  Boston. 

American  Pharmaceutical  Society,    ....     Philadelphia. 
American  Philosophical  Society,        ....     Philadelphia. 

Anthropological  Institute, London. 

libxaiy  of  Royal  Observatory, Melbourne. 

Bath  Natural  ffistoiry  and  Antiquarian  Field  Club,   .    Bath. 
Belfast  Natural  History  and  Philosophical  Society,    .     Belfast. 
Berwickshire  Naturalists'  Club,         ....    Alnwick. 

London. 

Birkenhead. 

Birmingham. 

Boston. 

Edinburgh. 

BriatoL 

BuffiBdo. 

Harlem. 

California. 

Cambridge. 

Canada. 


Biblical  AvdhsBology, .... 
Birkenhead  Literary  and  Scientific  Society, 
Birmingham  Philosophical  Society,    . 
Boston  Natural  History  Society, 
BatMiinal  Society  of  Edinburgh, 
Bristol  Naturalists'  Society, 
Boffido  Sooieij  of  Natural  Sciences,  . 
Baieaa  Sdintifique,  Central  Neerlandais, 
California  Academy  of  Sciences, 
Cambridge  Philotophioal  Society, 
Canadian  Inrtiiate^    .... 
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Chemical  Society, London. 

Cleveland  Institution  of  Engineers,    ....  MJddleaboroo^ 

CommiBsioners  of  Patents, London. 

Davenport  Academy  of  Natural  Sciences,  .  Davenpoit,  Iowa. 

Die  Deutsche  Chemische  Gesellschaft,  .  Berlin. 

Dublin  University  Biological  Association,  .  Dublin. 

Eoole  Polytechnique, Paria. 

Edinburgh  Geological  Society Edinbni^. 

Entomological  Society  of  Ontario,      ....  London,  Ontario. 

Bpping  Forest  and  County  of  Essex  Naturalists'  Field  Buckhurst  Hill, 

Club Esaez. 

Franklin  Institute, Philadelphia. 

Geographical  Society, €reneva. 

Geological  Society  of  Glasgow, Glasgow. 

Geological  Survey  of  Canada, Montreal. 

Geological  Survey  of  India, Calcutta. 

Glasgow  ArchaM)Iogical  Society,         ....  Glasgow. 

Hertfordshire  Natural  History  Society  and  Field  Club,  Watford,  Herta 

Historic  Society  of  Lancashire  and  Cheshire,     .        .  Liverpool. 

Institution  of  Civil  Engineers, London. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland,  Glasgow. 

Institution  of  Mechanical  Engineers,  .        .  Birmingham. 

Institution  of  Mechanical  Engineers,  London. 

Kasan  Imperial  University, Kasan. 

Kon.  Akademie  van  Woteoschappen,  Amsterdam. 

Leicester  Literary  and  Philosophical  Society,     .  Leicester. 

Literary  and  Historical  Society  of  Quebec,  Quebec. 

Literary  and  Philosophical  Society  of  Leeds,  .  Leeds. 

Literary  and  Philosophical  Society  of  Liverpool,  Liverpool. 

Literary  and  Philosophical  Society  of  Manchester,     .  Manchester. 

Liverpool  Geological  Society, Liverpool 

Liverpool  Polytechnic  Society, laverpooL 

London  Geological  Society, London. 

Manchester  Scientific  Students'  Association,  Manchester. 

Meteorological  Observatory, Montsouris,  P«na 

Midland  Institute  of  Mining  Engineers,     .  Barosley. 

Mining  Institute  of  Scotland, Hamilton. 

Musto  Teyler, Harlem. 

National  Academy, Washington. 

National  Observatory, „ 

Natural  History  Society, Glasgow. 

Naturalists'  Union, Huddersfield. 

Newcastle-upon-Tyne  Chemical  Society,    .        .  Newcastle-on-T^ 

New  York  Academy  of  Sciences,        ....  New  York. 

New  Zealand  Institute,      .  Wellington. 

North  of  England  Institute  of  Mining  Engineers,      .  Newcastle-on/ 
N.  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers, Longton. 

Observatoire  Royal  de  Bruxelles,       ....  Bruxelles. 


Exchanges  vnth  other  Societies. 
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St  Peters- 


Odontological  Society, 
Pharmaceutical  Society,     . 
Photographic  Society, 
Physical  Society  of  London, 
Phyaico-Chemical  Society,  University  of 

burg, 

Powys-Land  Club,     . 

Publisher  of  Engineering,  • 

Registrar-General, 

Royal  Academy  of  Science, 

Royal  Academy  of  Science, 

Royal  Academy  of  Science, 

Royal  Astronomical  Society, 

Royal  Cornwall  Polytechnic  Society, 

Royal  Geographical  Society, 

Royal  Geographical  Society, 

Royal  Institute  of  British  Architects, 

Royal  Institute  of  Lombardy,    . 

Royal  Institution  of  Cornwall,  . 

Royal  Institution  of  Great  Britain, 

Royal  Irish  Academy, 

Royal  Microscopical  Society, 

Royal  Physical  Society  of  Edinburgh, 

Royal  Scottish  Society  of  Arts, 

Royal  Society  of  Edinburgh, 

Royal  Society  of  London,  . 

Rojral  Society  of  Victoria, 

School  of  Mines, 

Scottish  Meteorological  Society, 

Smithsonian  Institution,    . 

Social  Science  Association, 

Soci^t^  dee  Sdenoes  Physiques  et  Naturelles, 

SociM  Rojral  des  Sciences  de  Li^ge, 

Society  of  Arts, 

Society  of  Engineers, 

South  Wales  Institute  of  Engineers, 

Statistical  Society,     . 

United  States  Geologist,    . 

United  States  Observatory, 

United  States  Survey, 

Untrernty-of  Christiania,  . 

Verein  flir  Erdkunde  zu  Halle, 

Videnskabs-Selskabet  i  Christiania, 

Washburn  Observatory — University  of  Wisconsin, 


London. 


»> 


St.  Petersburg. 

Liverpool. 

London. 

Melbourne. 

Berlin. 

Brusseb. 

Stockholm. 

London. 

Falmouth. 

London. 

Vienna. 

London. 

Milan. 

Truro. 

London. 

Dublin. 

London. 

Edinburgh. 

>> 
London. 

Melbourne. 

New  York. 

Edinbui^h. 

Washington. 

London. 

Bordeaux. 

Li^ge. 

London. 

Swansea. 

London. 

Washington. 

Christiania. 
HaUe. 
Christiania. 
Washburn. 
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LIST  OF  PERIODICALS. 


Weekly. 


Academy. 

Architect 

AthcxuBam. 

British  Architect. 

British  Medical  Journal. 

Builder. 

Building  News. 

Chemical  News. 

Comptes  Rendns. 

Electrician. 


Engineer. 

Engineering 

English  Mechanic. 

Iron. 

Journal  of  the  Society  of  Arti. 

Journal  of  Gas  Lightiiig. 

Nature. 

Notes  and  QaezMs. 

Pharmaceutical  Joomal. 

Scientific  American. 


Fortnightly. 


Berichte  der  Deutschen  Chemischen 

Gesellschaft 
Bulletin  de  la  Soci^t^  Chimique. 


Journal  fiir  Praktische  Chemie. 
Polytechnisches  Joomal. 
Telegraphic  JoomaL 


Monthly. 


American  Journal  of  Science  and  Arts. 

Annoles  de  Chimie  et  de  Physique. 

Annales  des  Ponts  et  des  Chauss^es. 

Annales  des  Sciences  Naturelles, 
Botaniqne. 

Annales  des  Sciences  Naturelles, 
Zoologie. 

Annalen  der  Chemie. 

Annalen  der  Physik  und  Chemie. 

Annals  and  Magazine  of  Natural 
History. 

Analyst. 

Antiquary. 

Beiblatter  zu  den  Annalen  der  Phy- 
sik und  Chemie. 

Bulletin  de  la  Sod^t^  d'Encourage- 
ment. 

Bulletin  Mensuel  de  I'Observatoire 
de  Montsooria* 

Chemische  Industrie. 

Entomologist. 

Entomologists'  Monthly  Magazine. 

Franklin  Institute. 


Geological  Magazine. 

Grevillea. 

Hardwicke's  Science  Gossip. 

Journal  de  Pharmade  et  de  Chimie. 

Journal  of  Botany. 

Journal  of  the  Photographic  Society. 

Journal  of  Science. 

Journal  of  the  Chemi^  Society. 

London,    Edinburgh,    and    DnUin 

Philosophical  Magazine. 
Midland  Naturalist 
Monatsbericht  der  Koniglich  Prent* 

sischen   Akademie   der    Wisseo* 

schaften  zu  Berlin. 
Naturalist. 

Odontological  Society's  Transaotioii^ 
Proceedings  of  RojnU  Geographiosl 

Society. 
Royal  Astronomical  Society's 

Monthly  Notices. 
Sanitary  Journal. 
Zoologist. 


List  of  Periodieals, 
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Quarterly. 


Annales  des  Mines. 

Bulletin  de  la  Society  Indnstrielle 

de  Mnlhouse. 
•JToainal  of  Anatomy  and  Physiology. 
^Toiurnal  of  the  Royal  Agricultnxal 

Society  of  England. 
Journal   of  the  Scottish   Meteoro- 
logical Society. 
.Journal  of  the  Statistical  Society. 
2iind:  A  Qnarterly  Beview  of  Psy- 
chology and  Philosophy. 


Popular  Science  Review. 
Quarterly    Journal    of    Geological 

Society. 
Quarterly  Journal  of  Microscopioal 

Science. 
Quarterly  Journal  of  Ornithology. 
Quarterly    Journal   of    Pure    and 

Applied  Mathematics. 
Scottish  Naturalist. 
Zeitschrift  fiir  Analytische  Chemie. 


LIST    OF    MBMBEBS 


OF  THE 


PHILOSOPHICAL  SOCIETY  OF  GLASGOW, 


FOB    1880-81, 

WITH  YEAR  OF  ENTRY. 

*  Denotes  Life  Members, 


HONORARY  MEMBERS. 

Foreign. 

Elected  in  i860— M.  Chevreul,    L'Academie 

dc8  Sciences,  Paris. 

—  i860 — M.  Dumas,  L'Acadcmicdes 

Sciences,  Paris. 

—  i860— Professor    H.     Hclmholtz, 

University,  Berlin. 

—  i860— Professor  Albert  Kiilliker, 

Wurzburg. 

—  i860— Professor       W.        Weber, 

Guttingen. 

—  1880— Ernst  Ho^ckel,  Professor  of 

Zoology  in  the  University 
of  Jena. 

American  and  Colonial. 

Elected  in  i860— Prof.  James  D.  Dana,  Yale 

Ck>llege,  Connecticut 

—  i860— Prof.  Loomis,  New  Y'ork. 

—  1874 — Robert  Leiias  John  Ellery, 

F.R.A.S.,  Victoria. 

British. 

Elected  in  1850— Prof.  Balfour,  M.  D.,  F.R.S., 

Edinburffh. 

—  1 860—  Dr.  J.  P.  Joule,  Manchester. 

—  i860 — Gen.  Sabine,  R.A.,  London. 

—  1874— Prof.  A.  C.  Ramsay,  LL.D., 

F.R.S.,  London. 

—  1 874 — Sir  Joseph  D.  Hooker,  C. B. , 

K.C.S.L,F.R.S.,  London. 

—  1874- Dr.  R.  Angus  Smith, F.R.S., 

F.C.S.,  Manchester. 

—  1876 — Prof.  Thos.  Henry  Huxley, 

Ph.D.,  LL.D.,  Sec.  R.S., 
F.  L.S.,  F.G.S. 

—  1 878— Prof .  Allen  Thomson,  M.D. , 

LL.D.,  F.R.S.,  66  Palace 
Garden  terrace,  London, 
W. 

—  1879 — Herbert  Spencer,  38  Queen's 

ffardens,  Bayswater,  Lon- 
don, W. 


Elected  in  i88o~  John      Tyndall,      LLD., 

D.C.L.,  F.R.S.,  ax.,ftc. 
ProfeBsor  in  tiie  Ropi 
InBtitntion  o€  London. 
—  1880 — Andrew  Bachanan,  ILD., 
LL.D.,  Emeritus  Pnieaor 
of  the  Institatee  oi  Medi- 
cine in  the  Univenity  of 
Glaurow,  late  Prendoiftof 
the  Faculty  of  Fhyiidaii 
and  Snigeona  in  Gia^ov, 
ftc. 


CORRESPONDING  MEMBBB& 

Elected  in  i874--Rev.H.W.CroMkOT,F.6.&» 

28  George  ioad,Biiniir 
ham. 

—  1874— Robt  Gray,  F.R.&E,Bi^ 

of  &kM>tland«  JMInhmifc. 

—  1874— Prof.  A.  S.  HenoM,  &in 

F.R.A.S.,  i6SaTiIiin«^ 
Newcaatle-on-iyiie. 

—  1874— Thomas  £.  Thoipe,  FtPr 

F.B.S.R,     Frohm/K  ^ 
Chemistry,  Leeds. 


ORDINARY  MEMBEBa 

Adams,  James,  M.A.,  9  Royal  onh 

cent.  11 

Adam,  WiUiam,  2  Grafton  plaoa. 
Addie,  John,  i44St  Vinceiit stnsi 
Alexander,  Jas.  W.,  3  Fttnogrplaekift^ 
5  Alexander,  Thos.,  8  Safdinia  temeailBl 
Anderson,  Alexander,  114  TrnMitt  tiff 
Anderson,  David  H.,  Atlantio  UDi| 

Bridgeton.  iM 

Anderson,  Geo.,  M,P.,  WeftemGhlif^F 
Anderson,  John,  58  Bath  sirast       ^ 
10  Anderson,  John,  Bank  of  ftmtismii 

Glasgow.  i!}} 
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T.  M'Call,  M.D.,  Professor 
liosl  Medicine  in  the  Uni- 
'  of  Glasgow,  14  WoocUdde 
It. 

.  W.  F.  G.,  47  Union  street. 
g,  Wm.  J.,  3  Royal  Ex- 
tconrt. 

aesCraig,  162  St.  Vincentst. 
shibald,  16  Dixon  street. 
liter,  16  Dixon  street, 
lliam  A.,  16  Dixon  street, 
^m.  Rae,  i  Grown  gardens, 
Jiill. 

James,  F.R.S.E.,  3  Park 

I. 

ert,  22  Dundas  street. 

)x.  Smith,  26  Sardinia  ter- 

imhead. 

>bert,  I. A.,  83  Bath  street. 

ry  W.,  Cranstonhill  Engine 

« 

tobert,  88  Union  street. 

!]Sharles  H.,  28  Westboume 

B. 

ames,  36  Windsor  terrace. 

John,    Calico  Printer,    37 

ith  row. 

rohn,    M.D.,    Professor  of 

logy  in  the  Anderson's  Col- 
Francis     Thornton,     the 

dl  Library. 

B.,  M.D.,  F.F.P.  and  S.G., 

anyplace. 

)Lt  C.E.,  Caledonian  Rail- 

*eith  Station. 
Malloch,  32  India  street. 

bert,  19  West  Nile  street. 

aid,  47  Lansdowne  ores. 

ifge,    F.R.I.B.A.,  212  St. 

list 

my,    446    Camden   road, 

D,  N. 

68,  41  Mitehell  street. 

es,  172  Arg^le  street. 

t.,  M.D.,  F.F.P.S.G.  and 

^  lArnedoch  street. 

,  jfames,  81   Gloucester 

,  69  Bath  street. 

Etobert,    Merchant,     Ash- 

I,  Gonrock. 

Kry,  8  Berkeley  terrace. 
m  Elliot,  C.A.,  F.C.S., 
ik,  Croeshill. 
A.,  Sharebroker,  314  Bath 

)Miipbell,M.D.,M.R.C.S.E. 

odUmdsroad. 

Albert,  7  Newton  place. 

hiiy  16  Park  terrace. 


878 

871 
869 
869 
869 
869 

850 


866 
869 

870 
870 

875 
843 

881 
872 

881 


880 
880 

879 

869 
878 
881 
871 

870 

876 

843 
877 

869 

877 
877 

881 
866 

880 

880 

872 
869 
869 


Black,  Malcolm,  M.B.,  CM.,  5  Can- 
ning place.  1880 
50  Blackie,  Robert,  17  Stanhope  street.  1847 

Blackie,  W.  G.,  Ph.D.,  F.R.G.S.,  17 
Stanhope  street  1841 

Blair,  Charles  J.,  6  Alfred  terrace, 
Hillhead.  1881 

Blair,  6.  M'LeUan,  2  LUybank  ter.    1869 

Blair,  J.  M'Lellan,  8  Cecil  pL,  Piualey 
road.  1869 

55  BIyth,  James,  M.A.,  F.R.S.E.,  Pro- 
fessor  of  Natural  Philosophy  in 
the  Anderson's  College.  1881 

Bost,  Timothy,  33  Rentield  street.     1876 

Bottomlej',  James  T. ,  M.  A.,F.R.S.E., 
F.C.S.,  Demonstrator  in  Natural 
Philosophy,  University  of  Glas- 
gow, 2  Eton  terrace,  Hillhead.      1880 

Bottomley,  Wm.,  Junr.,  C.E.,  Uni- 
versity. 1880 

Boucher,  J.,  I. A.,  247  St.  Vincent 
street.  1870 

60  Bowie,   Campbell   T.,    26   Bothwell 

street.  1870 

Boyd,  John,  Shettleston  Iron  Works, 
near  Glasgow.  1873 

Boyd,  Wm.,  Blythswood  Foundry, 
61  North  street.  1852 

Brand,  James,  Civil  Engineer  and 
Contractor,  123  Hope  street.         1880 

Brodie,   John   Ewan,    M.D.,   CM., 
F.F.P.S.G.,  20  Sandyford  place.   1873 
65  Bromhead,      Horatio     K.,       I. A., 

A.R.I.B.A.,  245  St.  Vincent  st.    1870 

Brown,  James,  76  St.  Vincent  street.  1876 

Brown,  James  F.,  i  Annfield  place, 
Dennistoun.  1877 

Brown,  John,  22  Renfield  street.        1879 

Brown,  John  C,  149  W.  George  st.   1880 
70*Brown,  John,  Chemist,  11  Somerset 

place.  1881 

Brown,  Nicol,  21  Hope  street.  1869 

Brown,  Richard,  Strone  Colliery  Co., 
49  W.  George  street.  1855 

Brown,  Robert  Langton,  92  St.  Vin- 
cent street.  1875 

Brownlie,  Archibald,  Writer,  225  W. 
George  street.  1880 

75  Brownlee,  Jas.,  23 Burnbank gardens,  i860 

Brownlie,  Jas.,  Victoria  Saw  Mills.    1877 

Brownlie,  John,  2  Oakley  terrace.      1874 

Bruce,  John  Inglis,   Helen  street, 
Go>'an.  1869 

Bruce,  John  L.,  LA.,  103  West 
R^ent  st.  1873 

80  Bryce,  David,  129  Buchanan  street.  1872 

Bryden,  Robt.  A.,  F.R.I.B.A.,  15 
Dalhousie  street.  1870 

Buchan,  William  P.,  21  Renfrew  st.  1875 

Buchanan,  Alex.  M.,  M.A.,  M.D., 
Professor  of  Anatomy  in  Ander- 
son's College,  201  St.  Geoige's  rd.  1876 
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BachaTian,  Gavin  Miller,  Registrar 
of  Births,  &c.,  121  Kennody  at.  1S81 
85  Bnchanan,  George,  A.M.,  \LD., 
Professor  of  Cliiiical  Surgery  in 
the  University  of  Glasgow,  193 
Bath  street.  1875 

Buchanan,  Geo.  S..  95  Candleriggs.  1845 

Baohanan,    William    L.,    212    St. 
Vincent  street.  1873 

Buchanan,   William,  Registrar,    10 
CSarrington  street,  west  1881 

Baxnet,  John,  167  St.  Vincent  st.,    1850 
90  Bums,  J.,  M.D.,  15  Fitzroy  place, 

Sanchiehall  street.  1864 
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SEVENTY-NINTH  SESSION,  1881-82. 


Opening  Address.      By  Dr.  William  Wallace,  President. 


[Read  before  the  Society,  November  2nd,  1881.] 


Gkntlemen, — In  opening  the  Seventy-ninth  Session  of  the  Philo- 
sophical Society,  I  have  to  congratulate  you  on  the  success  of  the 
past  winter,  and  the  fetvourable  prospects  of  that  on  which  we  have 
now  entered.  In  accordance  with  the  custom  in  this  and  other 
learned  societies,  I  propose  to  engage  your  attention  this  even 
ing  with  some  remarks  of  an  introductory  character;  but,  when 
I  call  to  remembrance  the  eminent  men  who  have  occupied  the 
chair  on  former  similar  occasions,  I  may  well  feel  some  misgivings  as 
_to  my  fitness  to  deliver  the  inaugural  address  of  the  present  session. 
Of  such  men  as  Thomas  Thomson,  Henry  Rodgers,  Allen  Thomson, 
Thomas  Anderson,  Macquorn  Bankine,  Walter  Crum,  Sir  Wm. 
Thomson,  Professor  Grant,  and  Andrew  Fergus — each  in  the  very 
foremost  rank  of  his  own  profession — any  scientific  society  might 
well  be  proud,  and  the  brilliant  lustre  shed  by  such  luminaries  cannot 
&il  to  cast  into  deep  shadow  the  efforts  of  any  man  of  common- 
place position  or  abilities. 

Among  the  branches  of  science  represented  in  our  Society  none 
has  played  a  more  conspicuous  part  than  chemistry.  From  an  early 
date  in  the  century  down  to  a  period  within  my  own  membership. 
Dr.  Thomas  Thomson,  Professor  of  Chemistry  in  the  University 
of  Glasgow,  reigned  as  perpetual  president ;  and  no  one,  however 
Vol..  Xin.— No.  2.  X 


300  Philosophical  Society  of  Glasgow. 

eminent  in  science,  literature,  or  art,  could  at  that  time  hope  to 
attain  to  anything  higher  than  the  office  of  vice-president,  secre- 
tary, treasurer,  or  librarian.  Among  these  officers  of  the  Society 
Dr.  R.  D.  Thomson,  the  nephew  and  son-in-law  of  Professor 
Thomson — and  who  was  virtually,  although  not  actually,  Professor 
of  Chemistry  during  the  later  years  of  his  uncle's  life — played  a 
conspicuous  part,  as  well  as  Walter  Crum  and  other  chemists  of 
reputation.  Later  on  the  president's  chair  was  ably  filled  by 
Professor  Anderson ;  and  his  successor.  Professor  Feiguaon,  as 
president  of  the  Chemical  Section,  has  contributed  several  very 
valuable  memoirs,  chiefly  of  an  historical  character.  My  own  con- 
nection with  the  Society  dates  back  some  tiiirty  years,  although  I 
contributed  work  which  was  brought  before  it  at  a  still  earlier 
date. 

In  the  absence  of  any  new  and  startling  discovery  in  one's  own 
particular  department,  there  is  always  a  difficulty  in  selecting  for 
an  opening  address  a  subject  which  will  at  once  possess  sufficient 
interest  to  be  listened  to  with  attention  by  a  mixed  audience,  com- 
|)Osed  of  workers  in  all  the  various  branches  of  science  and  art, 
and  at  the  same  time  be  of  a  nature  consistent  with  the  dignity  of 
a  learned  society.  Under  these  circumstances,  it  is  a  not  ancom- 
mon  practice  to  fall  back  on  a  resume  of  the  progress  of  acienoe 
generally  during  the  previous  year,  or  decade,  as  the  case  may  be^ 
or  since  the  society  came  into  existence.  I  will  not,  however, 
attempt  to  follow  this  course  on  the  present  occasion — firstly, 
because  I  am  but  little  qualified  to  undertake  such  a  task,  and, 
secondly,  because  I  consider  it  more  profitable  to  confine  your 
attention  to-night  to  one  phase  of  that  branch  of  physical  scienoe 
with  which  I  am  most  acquainted — chemistry. 

There  are  in  chemistry  two  great  and  leading  methods  of  researeh 
which  have  contributed  equally  to  the  advancement  of  our  know- 
ledge of  the  relations  of  the  various  elements  to  one  another. 
One  of  them  is  called  analysis,  or  decomposition,  or  diasocistion — 
although  the  last-named  term  expresses  analysis  in  a  aomewhai 
restricted  sense ;  the  other  is  denominated  synthesis,  or  combiD** 
tion.  It  is  to  the  first  of  these  methods  of  inquiry  that  I  shall  sA 
you  to  follow  me  in  the  remarks  I  shall  address  to  yon,  and  chiefly 
in  the  more  limited  sense  implied  in  the  term  dissociation. 

The  word  analysis  in  chemistry  signifies  a  separation  or  splitting 
up  of  a  body  into  its  component  parts,  such  separated  parts  differing 
from  each  other  and  from  the  original  body  from  which  thej 
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ttiriSniaoD.  <tf  suiimB  jc  -nise  iiwiiikuhmi  smsnuBrv 

i*  f  ^ 

finom  phyus  m.  tt&e  F^sczxinKd  -ignikaaiiiL  if  auf  -wneL  l£  'mn  "mnn  i 
piece  cf  muthim^  we  on.  <w:miiiitt  oc  ^nber  anymady  ir  aBmiiisuly. 
In  the  finfc  caee.  wi»  may'  •atamaBB  dm  4SEacc  bzs  '1E  "sm  iczmiL  j» 

iti  wei^t.  as  eanfrnmi  wick  time  'it  m.  4101111  avik  <ic  waoec  «ir 
specific  gem*  it  J,  ai  ot  m  vfOBlIy  tEEami  im  iiiTiiiiia  a  iisni;.  ruaoL 
andeiectndtT;  xa  ooiBiMraccws  oiimiiigHL  jnii  iBBrr  >  jcaer  ciaitf3i& 
We  mmj  ain.  br  BBeduBmaii.  iiimii&  bpak  bw  inmo  in.  uusaet  jmi 
redoee  it  to  powder:  bos  emA  **■""«»  £l.i€Shp«c  will  «zIL  hte  %  pKKe 
<x  uurUtgj  ifftf  fMinyti  m  aH  m  ppnKnKft.     Bos 


tkelMt  dbac  ifae  wiTnfnJ  cwmrTm  a  xshl  ami  afcw  a  auiiv 
whidi  diMuiiCB  in  cbe 
it  may  afteiwanh  be 
analysiior 

of  tlie  Ban  J  farms  of  HiTirifmir — if  f  ifMBwi  to  a  faii  red  keat  in  a 
furnace^  ii  aeparated  into  its  ccoaataaLts :  ixmpf  nemains  b«biiiKJL 
while  carfaoBic  anhTdride.  or.  af  it  ii  oitmm-whr  caUed.  oarbooic 
add  {^  escapes  with  the  prodncta  of  the  eombasuon  of  the  omU, 
akhoiigfa  it  can  readilT.  W  appropriate  meanly  be  collected  and  its 
properties  ezaoiined  This  is  diasociacion.  or  the  sefMration  of  a 
eompoond  body  into  its  constinients^  without  the  inter>*eiitiou  Wf 
suiy  other  chemical  agent.  By  Tarioos  inethodB — souk'  extn^niely 
Himple,  others  highly  complex — all  sabstances.  animal,  \'\'s^^tal)K^ 
and  minersly  within  our  reach,  have  been  analysed  or  deivui(K¥MNl« 
or  disBodatedy  until  we  hare  arriyed  at  a  number  of  bodii's  which 
we  call  elements — about  Go  in  uumlier — which  we  have  no vor  yet 
been  able  to  tear  asunder  into  any  simpler  form  of  matt<«r.  Of 
these  the  greater  number  are  metals,  whilo  a  com]iarHtivi«ly  HUiall 
proportion — about  one-fifth  of  the  whole — are  oithor  gam>ouH  or 
possess  properties  of  an  opposite  character  to  thorn*  of  tlie  niotaln. 
Among  the  latter,  I  may  mention  sulphur,  phoHphoniH,  iudine, 
bromine,  and  carbon.  The  distinction  betwotMi  thn  uioUiIh  and 
non-metallic  elements  is  not,  however,  so  precisi'  and  nhm>lute  as 
might  at  first  be  supposed;  phosphorus  is  clom^ly  alliini  Ut  the 
metal  arsenic,  the  metal  chromium  forms  comiKmnds  likr  Uiumo  of 
sulf^ur,  and  there  are  many  other  singular  analo^iiw.  It  was  long 
:iooepted  as  an  axiom  in  chemistry  that  the  gas  hydmgtm  wmi  a 
metal,  or  acted  the  part  of  one;  but  it  has,  witliin  tho  last  fuw 
years,  ttctnally  been  condenseil  by  intense  prensun^  imd  nxtmujM 
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cold  into  a  liquid,  and  even  into  a  solid  metal.     Of  this,  however, 
r  shall  speak  further  on. 

The  forces  by  which  bodies  may  be  dissociated  are  various,  but 
by  far  the  most  important  is  heat.  In  many  cases  compounds 
appear  to  have  their  constituents  grouped  together  so  loosely  that 
the  most  insignificant  application  of  force  suffices  to  break  them 
up.  Thus  the  com{)ounds  usually  called  chloride  and  iodide  of 
nitrogen  (consisting  of  ammonia,  the  hydrogen  of  which  is  more  or 
less  completely  replaced  by  chlorine  or  iodine)  explode  with 
violence  on  being  touched  with  a  feather,  or  by  mere  agitation  of 
the  air  by  which  they  are  surrounded.  The  green  bydrated  oxide 
of  copper  holds  its  combined  water  so  feebly  that,  on  beating  to  the 
boiling  point,  even  below  water,  it  is  separated,  and  the  black 
anhydrous  oxide  is  produced.  A  weak  solution  of  the  crystallized 
chloride  of  cobalt,  on  being  heated  to  boiling  in  a  sealed  tube  one- 
third  full,  changes  from  the  hydrated  to  the  anhydrous  condition, 
tlie  se}iaration  of  the  water  of  hydration  being  made  apparent  to 
the  eye  by  the  liquid  changing  from  pink  to  blue.  Many  ammo- 
niacal  salts  become  dissociated  to  a  certain  extent  on  their  solutions 
l>eing  heated.  The  oxides  of  mercury  are  readily  decomposed  at  a 
low  red  heat  (600^  to  700''  F.),  and  those  of  silver,  gold,  and  plati- 
num all  give  off  their  oxygen,  leaving  the  metals  in  a  pure  condition, 
on  exi>osure  to  a  moderate  heat.  In  other  cases  the  decomposition 
is  only  {mrtial,  as  when  the  black  or  binoxide  of  manganese  is 
converted  into  the  lower  brown  oxide,  when  chromic  acid  gives  off 
half  its  oxygen,  and  becomes  the  green  oxide  of  chromium,  when 
iron  pyrites  gives  off  part  of  its  sulphur;  and  many  other  cases  of 
a  similar  nature. 

Heat  is  only  one  of  the  nmny  forms  of  force  by  which 'compound 
Inxlies  are  affected.  Light  has  a  distinct  power  of  decomposing 
muny  chemical  compounds.  The  salts  of  silver  are  particularlj 
sensitive  to  light,  and  the  iii-t  of  photography  depends  entirely  upon 
the  effect  of  light  on  silver  salts  and  other  compound  bodies.  Vege- 
table colours  are  also  readily  changed  by  light,  but  by  far  the 
most  important  function  played  by  light  in  decomposing  compound 
l>odies  is  displayed  in  the  phenomena  of  plant  life,  in  which  carbonic 
anhydride,  water,  and  ammonia  are  decomposed;  and  their  ele- 
ments I'earranged,  so  as  to  give  rise  to  an  infinite  multitude  of  new 
combinations ;  while  oxygen  gas  is  freely  given  off 

Electricity  is  a  potent  agent  of  dissociation,  and  is  frequently 
used  by  the  chemist,  especially  for  the  separation  of  metals  from 
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action  of  Tociak-  fuecsaisrr  iiimil  =iiezui£u.  rannvamictt  k  liif 
decompQsitlQD  <j£  vioecL  u.  ^nu'^  ui*  rvci  .^in^  of  ir  i^'^  j;  jt 
eompowd— oxjec  iiSiC  ijporiffiKL — }muat  a£  zraa.  iii*  Tvi  titf^- 
trodes  or  temiizaik  cf  lait  »i!»3t  a:  lu^  'imzk»rr  a  riii 
form  of  the  arrazisausacL  mt  k  jttciurt  lliui5zuci;iu  ^  iiu=  n. 
the  gases,  as  they  Knam  a£.  ert-  rulr^-rseL  ir  rmnntw^c.  ixi'nsk  «• 
that  the  analras  i»  realrr  vukzczusz^^  Al'aiimi^  ^  2r  wanasrjtc 
a  little  from  o>:ir  K:V«^<f:.  n  xuaj  V  zi:>7^fc=z;£  •:  iricisutar  i:r  & 
moment  how  it  i^  i£<i£  liiie  cmi»  icr*^:ft2'  hi  zix>r  tw:  ^v.ie^ 
mav  be  manr  iiicLes»  Mzmn,  If  -w^r  ztk*  k  smuffrxje  x  -vTBSes-.  cci 
posed  of  one  atom  of  oxt-£»=.  izii  rv-i-  c«uii:f  :£  Ijstd 
mippose  this  mc^erale  lo  ocezij  k  zofiCLkc.  i=.  liinse  Musftn  vi^ 
one  of  the  poles,  we  can  czfti9f:;arii  im'.w  :ot  jf  7A»t  £kse&.  saj  ibe- 
oxTgen,  in  erolTcd  at  i'sah  poae :  l<n  ^ht  ^:i»  i^  Ljirvt^  trk^vi 
to  the  other  pole  f  Tbe  ax£av€r  to  ifi*  5».  libki  h  •>:•?&  =ri«  mvt^ 
at  ally  but  miites  with  the  oxr^ec.  ^  zat  zkai^sz  z^iC-acsje  cf  wj^ier 
in  the  direction  of  the  cnrrent.  whka  hi  tjztz.  zives  ai>  iis  hrdivoKk 
to  the  next  mcJecnle.  and  so  ca  until  the  odier  pole  is  reachM  and 
the  gas  is  disengaged.  We  haTe,  as  it  wier?'.  a  pclarizitioii  of  the 
water,  by  rirtae  of  whidi  wt  may  cocsceive  that  a  sen«^  c^  mole^ 
cnles  are  distorted  so  as  to  hare  their  oxygen  pointing  in  one 
direction  and  their  hydrogen  in  the  other,  the  ultinLite  effect  l^ing 
as  I  have  stated. 

I  may  make  another  digre^a&ion.  bat  only  tor  a  moment,  to  ask 
your  attention  to  the  terms  atom  and  molecule.  With  n^rd  to 
atoms,  we  know  the  relative  weight  of  thei«e.  and,  in  th«'  ca^sio  of 
gases^  tiieir  relative  dimensions,  but  of  their  actual  weiglit  or  ^/o 
we  are,  and  mtist  ever  remain,  in  ignoninco.  It  is  truo  tli^t  in 
the  case  of  certain  elementary  gases,  mathematicians  havo  luadi* 
estimates  of  their  probable  size  (for  example,  it  has  l>eon  e:iloulated 
that  the  atom  of  hydrogen  does  not  exceed  one  five-millionth  of  an 
inch  in  diameter);  but  even  in  such  estimates  as  these  we  cannot  tell 
whether  we  are  dealing  with  ultimate  atoms  or  molecules  comixvted 
of  an  aggr^;ation  of  atoms.  It  is  certain  that  some  gases,  Huch  iim 
chloriiie  and  iodine  vapour,  are  composed  of  mole(*ulcs  or  grou|HHl 
atoms,  since  these  can  be  dissociated  by  hciit,  the  gases  ex[)nuding 
in  volume  when  the  dissociation  takes  place.  Neither  can  wo  tell 
whether  elements,  in  combining  together,  unite  atom  Ui  atom  or 
molecule  to  molecule.  In  water,  one  of  the  siinplfwl  of  ehemteal 
compoands,  since  it  contains  only  two  elemcntH,  wo  have  oiygini 
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and  hydrogen  in  the  proportion  of  one  atom  of  the  former  to  two 
atoms  of  the  latter.     Bat  we  cannot  tell  how  these  atoms  are 
grouped.     We  can  represent  it  with  an  atom  of  oxygen  in  the 
centre,  with  one  of  lijdrogen  on  each  side,  or  with  one  of  oxygen 
above  and  a  double  atom  of  hydrogen  below  ;  but  these  are  not  at 
all  likely  to  be  correct     It  is  almost  absolutely  certain  that  the 
molecule  of  water  has  a  geometric  or  solid  figure,  which  could  not 
be  made  up  of  less  than  six  atoms,  and  probably  is  much  more 
complex.     A  system  of  rcprescnitations  of  compound  bodies  by 
diagrams,    called  graphic  formuUry    have   for   some    years   been 
employed  by  some  of  our  leading  chemists,  and  are  said  to  be 
useful  in  teaching  the  science.     To  my  mind  they  form  a  stumbling- 
block  rather  than  an  assistance  to  the  student,  who  is  constantly 
confronted  with  representations  of  arrangements  which  cannot  by 
any  possibility  exist  in  nature. 

Other  examples  of  the  dissociation  of  compounds  by  electrical 
agency  might  be  mentioned.  Hydrochloric  acid  is  easily  decom- 
posed, hydrogen  gas  being  given  off  at  one  pole  and  chlorine  at 
the  other;  but  the  chlorine,  being  soluble  in  the  liquid  hydrrv 
chloiic  acid  to  some  extent,  is  not  immediately  evolved  in  the 
gaseous  state.  Its  pi-esenco  may,  however,  be  evidenced  by  it« 
bleaching  action  upon  vegetable  dyes — indigo,  for  example,  being 
at  once  decolorized  by  the  electrolized  hydrochloric  acid.  In  like 
manner  hydriodic  acid  is  decomposed  hy  the  electrical  current — 
or,  what  amounts  to  the  same  thing,  a  solution  of  potassium  iodide 
acidulated  with  hydrochloiic  acid.  On  passing  the  current,  iodine 
is  immediately  set  free,  and  may  be  distinguished  by  forming  a 
blue  compound  with  starch,  while  hydrogen  is  disengaged  at  the 
opposite  pole. 

In  the  practical  ai-ts  the  dei)osition  of  metaU  has  now  become 
an  industry  of  enormous  dimensions.  The  manufacture  of  electro- 
plate alone  engages  thousands  of  operatives  in  Birmingham, 
Sheffield,  and  other  towns  :  and,  among  other  branches  of  the  art, 
I  may  mention  electro-gildiug,  and  tlie  deposition  of  copper,  brass, 
and  nickel — the  last  a  comparatively  new  industry,  which  is  iii|udljr 
assuming  large  proportions.  In  these  cases  the  battery  has  been 
replaced  by  the  steam-engine,  the  mechanical  force  of  which  is  con- 
verted into  the  electric  cun*ent  by  the  magneto-electric  machine, 
where  permanent  magnets  are  employed,  or  the  dynamo  mftddne, 
in  which  electro-magnets  are  used. 

The  fact  of  metals  being  constantly  set  free  at  one  pole  of  & 
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metAllie  elemental  app«uv>ti  ^u;  riie  <itiiMr.  J:fi  namy'  ;>vatf»  ii$r>  ^ 
the  iBtroJutftum.  <if  dw  OBEni  ^AeetanrMMBOvq  •^MmmtK  nur  'itii 
■Ktali^  iadaJiug  hyrimi^pn.  aoii  *H«sarMie«paT9  ±>r  -iuf  ippuiBar 
gro«m  inchiifiii^  ehloriBe,  liNtine.  Hrnnmie.  inr/rnie.  'flcj^pni* 
soIpliBry  and  ao  ««il.  Thew*  npmuu  iiiiwiFfv#?r  nMcai  a  iaaar  "xnm, 
are  acaieeiT,  if  as  .ill,  lucd  by  •tiiKnuifa  ic  ':211s  ^iraMsnc  iav. 

To  retnrxL  go  chi*  actaoii  of  aeaan  in  a»  Mstsaii  imm  :wsmumk 
eompomida — I  &kvi»  msw  a>  <auT7  yon  .a  isie  mriiifc.  W*f  iitt7M 
seen  that  Bauij  camponxuia  ac«  maiiilT  itstsamaamt^i  :  iiu:  'ibfrf  jrt 
ochen  whieh  reifiir^  che  hiahasw  atrnpracnr^  jc  'inr  -annfiiiiaii  avr 
their  deeoaLpoKobiL  Until  ^fsj  ir^mensij  -w^r  w^i»  fuoiyuiM  ov 
be  incmpable  of  henvr  flepvaani  insu  ic»  tiemimra  ^ly  jimc  xl«mir. 
Bt  an  in^enioiia  ttmabfmmx  Sir  WUItam  ^ifjw?  4QCLif*fUffii  en 
effecting  the  laoIizQOD.  of  dtia  <maLp«iixiiL  ^mi  in  '^ain  wt^t  :  — Lol  a 
flask  water  waa  Bafie  'm  boiL  Aiii  a.  %.  zah^n  -viu.-d  r«vetv«ii  car 
steam  a  tiwnrwtmm  or*  eiectarie  sparks  vece  pajuMi  frua  a  Kitaj»- 
korff  ochI,  and  the  steam  fizrthcr  oa  vjj»  <ociie£LjetL  v&iJe  une  $ue» 
formed  br  the  iKwociatioa  of  dse  vaserr  tuooct  r>T  che  iatvc^ 
heat  of  the  electiic  s^ark  were  eameii  forvani  bj  an  ;i${MjraUMr  oc 
Sprengel  pomp  into  an  apprcficiace  receiTer.  In  \Kis  caftr  ihir 
gaHeSy  onoe  separated,  vere  pitshed  on  by  ;he  tans^  v^uuiiio  sM* 
steam.,  otherwise  ther  would  have  rei»mbi&ed.  In  iuauv  <e.x(«m 
ments  in  the  hiboratorr  we  nse  the  electric  spark  t^>  c\pl\xit* 
mixtores  of  oxygen  and  hydrogen,  and  it  us;«  in  iaou  x\%^  \^\\\\ 
menns  we  can  employ  if  we  have  to  ineasun*  the  aiuount  \xi'  i\«u 
densation  which  foUows  the  explosion.  We  can  n^i«dily  luvKlui'v, 
in  furnaces,  degrees  of  temperature  amply  sufficient  fv>r  liio  d«Hx>in 
position  of  water  (2,000**  C,  or  3,632'  F.),  and  tiun-  in  uot  x\w 
slightest  doubt  that  such  decomposition  is  ivusUintlv  tHkiUi;  pUiV  ; 
but  the  gases  are  immediately  recombined.  Hut  tliri>«  uiv  ihuii 
l^ications  in  this  case — ^the  carbon  of  the  fuel  rt^otn  ti)Hm  11  |H»ruoii 
of  the  wateiy  vapour,  and  carbonic  oxide  and  curl)un'(t4Hl  hvdmp'ii 
result^  which,  on  the  top  of  the  fuel,  bum  t^i  oiirlH^nit*  uoid  liiid 
water— exactly  the  Kame  result  following  iim  if  tiirn^  luid  )km*ii 
no  decomposition  of  the  waiter.  Ah  tho  lit^it  iilinorlnMl  or 
rendered  latent  in  the  act  of  decoiiipOHitioii  in  oxitotl)  (M|uivu- 
lent  to  that  which  results  from  tho  HulmocjiuMit  roiiiliUMlimi, 
It  follows  that  the  introduction  of  8t<iiin  iiit^i  11  futiuu'ii  iUh^u 
not  increase  the  gross  amount  of  heat  due  to  thn  itntnlntiitiiiii  nl 
the  fad,  but  it  frequently  has  the  uMiful  itfliMTt  of  miTyiiifj  forward 
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in  tiie  hircabx  iLe  ahl^?  of  highest  temp»mtiire^  mnd  so  serres  a 
useful  purpose. 

PerbA{:«  the  moss  imponazit  extmple  o£  disBociatioQ  presented 
to  OS  within  a  oompantiTclT  recent  period  is  that  of  carbonic  add 
^M&f  which  w^ts  eiiected  bv  Deville  in  IS6S.  This  eminent  chemist 
showed  txuit  at  an  extrvmelv  high  temperatnre  carbonic  add  (CO.) 
is  disEociated  in:o  carbonic  03dde  (CO)  and  oxTsen.  Farther  than 
xhisy  CO  is  decoa:(<ci3ed,  two  atoms  of  it  giving  one  atom  of  carboD 
;ind  one  atom  of  carbonic  anhydride,  the  ultimate  resolt  being  the 
resc4ation  of  the  original  compound  into  carbon  and  oxygen.  A 
pecoliar  arrangement  is  required  for  the  poformance  <^  thii 
process — a  ring  of  metal  kept  cold  by  a  current  of  water  being 
dose  to  the  gases,  heated  to  an  intense  d^ree  by  the  electric  spark, 
and  the  carbon  is  depotsited  upon  the  cold  metaL  I  consider  this 
a  most  important  discovery^  not  merely  as  a  sdentific  fiurt,  but  as 
an  explanation  of  phenomena  which  could  not  otherwise  be 
accounted  for.  In  an  ordinary  furnace,  such  as  those  employed  in 
the  Siemens-Martin  processi.  and  others  in  whidi  an  intense  best 
is  obtained,  there  is  evidently  a  limit  bevond  which  no  further 
increase  of  temperature  can  be  obtained — for  this  reason,  that 
carbon  and  oxygen  refuse  to  combine  at  a  very  exalted  tempera- 
ture, the  exact  degree  of  which  we  cannot  exactly  define,  but 
which  has  been  estimated  at  about  5000'  F. 

In  the  compounds  of  carbon  and  hydrogen  we  have  a  more 
familiar  illustration  of  dissociation.  If  we  pass  one  of  the  gaseous 
hydrocarbons,  containing  a  large  proportion  of  carbon — sach,  for 
example,  as  ethene  (C^H^),  popularly  known  as  olefiant  gas,  or  the 
va{>our  of  a  liquid  hydrocarbon  such  as  benzene,  or  of  a  solid  such  as 
napthalene — through  a  glass  tube  heated  to  bright  redness,  a  deposit 
of  carbon  takes  place,  and  the  gas  or  vapour  that  passes  on  oontaini 
a  greater  or  less  proportion  of  methane  or  marsh  gas  (CBL^).  Thii 
is  a  well  known  fact  in  some  manufacturing  processes.  In  gM* 
making,  the  retorts,  esi)ecially  at  the  back,  become  coated,  oiften  to 
the  extent  of  several  inches  in  thickness,  with  a  solid  deposit  of 
carbon,  which  results  from  the  decomposition  of  the  gaseous  liquid 
and  solid  hydrocarbons  evolved  from  the  coal  by  the  actiim  of 
heat.  We  may  go  further  than  this,  and  say  that  the  productioo 
of  illuminating  gas  from  coal  is  itself  an  illustration  of  '^^'PfAnnlfiins 
for  carlx)n  is  left  behind,  mixed  with  the  mineral  matter  of  the 
coal,  forming  coke,  while  the  hydrogen  and  oxygw  oombine  with 
a  portion  of  the  carbon,  forming  gaseous  and  liquid  hydroearinnt 
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and  carbonic  oxide,  besides  some  other  compounds  containing 
sulphur  and  nitrogen.  Again,  if  we  distil  coal  tar  or  crude  paraffin 
oil  we  obtain  in  the  retort  or  still  a  portion  of  solid  carbon,  and  a 
distillate  of  oils,  containing  less  carbon  than  the  original  liquid. 
If  we  bring  paraffin  oil  drop  by  drop,  or  in  a  thin  stream,  into  a 
gas  retort  heated  to  bright  redness,  a  thin  and  poor  gas  is  obtained, 
and  much  solid  carbon  is  set  free,  but  at  a  low  red  heat  a  rich 
gas  is  produced,  with  no  carbonaceous  deposit.  But  to  purauc 
this  subject  further,  marsh  gas,  by  exposure  to  a  still  higher  tem- 
perature, either  by  the  electric  spark  or  in  a  porcelain  tube  placed 
in  a  furnace,  yields  hydrogen  and  a  richer  hydrocarbon,  acetylene 
(CSsHs),  which  in  turn  is  decomposed  into  carbon,  hydrogen,  and 
some  marsh  gas,  the  ultimate  result  being  that  all  hydrocarbons 
are  resolvable  by  heat  alone  into  carbon  and  hydrogen. 

I  could  dwell  on  this  subject  much  further,  but  it  is  unnecessary. 
Let  us  see  now  to  what  conclusion  these  experimental  results  lead 
U8L  It  is  simply  this — that  by  the  action  of  heat  all  compound 
bodies  are  resolvable  into  their  elementary  constituents,  and  that 
if  we  had  a  world,  or  planet,  or  sun,  the  temperature  of  which  was 
sufficiently  high,  we  should  there  have  simply  a  collection  of 
elementary  bodies.  That  is  a  conclusion  to  which  we  are  forced 
by  experiment  and  analogy.  Some  of  us  may  not  be  able  to  realise 
the  existence  of  such  conditions  as  I  have  stated  as  being  necessary, 
but  we  must  acknowledge  that,  if  such  conditions  did  exist,  the 
result  would  follow,  just  as  we  accede  to  the  statement  that  if 
water  is  exposed  to  a  sufficiently  low  temperature  it  will  freeze. 

We  now  come  to  a  division  of  our  subject  which  is  not  chemical 
but  physical,  but  which  is  nevertheless  closely  connected  with  the 
diBBOciation  of  compound  bodies.  We  have  in  nature  three  states 
of  matter — solid,  liquid,  and  gaseous ;  but  these  are  merely  acci- 
dental conditions,  as  I  shall  attempt  to  show  you,  determineil 
partly  by  the  nature  of  the  bodies  themselves,  partly  by  the  parti- 
cular temperature  and  pressure  to  which  they  are  subject.  I  think 
joa  will  have  no  difficulty  in  accepting  the  axiom  that  all  solid 
bodies  are  capable  of  being  liquified,  if  we  except  a  comparatively 
small  number  which  pass  at  once  from  the  solid  to  the  gaseous 
state,  such  as  metallic  arsenic,  some  of  the  compounds  of  arsenic 
and  of  mercury,  dsc  Platinum,  which  resists  the  heat  of  our 
ordinary  fomaceSy  melts  like  wax  before  the  oxyhydrogen  flame  ; 
and  in  a  crucible  of  pure  lime — as  suggested  by  Deville,  and  wrought 
oat  practically  by  Johnson,  Matthey,  k  Co.,  of  London — ^pounds* 
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its  specific  gravity.  The  explanation  of  this  phenomenon  is  pro- 
bably that,  in  aasaming  the  solid  state,  the  atoms  or  molecules  take 
a  geometric  form,  in  which  they  occupy  more  space  than  they  do 
when  in  a  free  condition  of  molecular  movement^  as  they  are  when 
in  the  liquid  state. 

All  liquids  are  capable  of  being  boiled  or  converted  into  gases 
or  vapours  by  heat,  the  only  exceptions  being  in  the  case  of  those 
compounds  which,  on  being  heated,  suffer  decomposition.  It  ift 
equally  the  case  with  solids,  with  the  same  exception,  so  that  the 
gaseous  form  may  be  regarded  as  the  normal  condition  of  matter. 
There  are  many  solid  bodies  which  we  have  not  actually  as  yet 
converted  into  gas,  and  we  are  compelled  to  fall  back  on  analogies 
for  proof  of  our  proposition.  The  liquid  metal  mercury  can  hi" 
<iiHtilled  like  water,  although  the  temperatui'e  required  is  consider- 
ably higher ;  potassium  and  sodium  are  converted  into  vapour  with 
almost  equal  facility,  and  zuic  is  regularly  distilled  in  the  com- 
mercial production  of  that  metal  from  its  ores.  Lead  also  is 
distinctly  volatile,  and  no  metal,  however  refractory,  can  be  kept 
long  at  its  melting  point  without  suffering  some  loss  of  weight. 
Iron  is  readily  volatilized,  in  part,  by  the  heat  generated  by  its 
own  combustion  in  oxygen  gas.  Arsenic,  on  being  heated,  sublimes, 
passing  at  once  into  the  gaseous  condition  without  assuming  the 
liquid  form.  Gold,  which  requires  a  rather  high  temperature  for 
fusion,  is  at  once  dissipated  in  the  gaseous  state  by  an  electric  dis- 
charge of  high  tension ;  and  silver,  platinum,  copper,  iron,  and 
many  other  metals  are  valorized  instantaneously  with  equal  facility. 
With  regard  to  carbon,  there  can  be  little,  if  any,  doubt  in  the 
minds  of  scientific  men  that  it  is  converted  into  va}>our  in  the 
electric  arc,  and  that  without  necessarily  undergoing  combustion, 
for  the  phenomena  are  not  sensibly  altered  when  the  experiment 
is  made  in  an  exhausted  receiver,  or  in  a  vessel  filled  witli  an 
inactive  gas,  such  as  nitrogen.  It  may  be  said  that  the  transference 
of  carbon  from  the  one  pole  to  the  other  is  simply  mechanical,  and 
consists  of  solid  particles  detached  from  the  one  and  carried  to  the 
other ;  but  that  explanation  does  not  suiiice  to  account  for  the 
ol  (Served  &cts,  and  we  are  driven  irresistibly  to  the  conclusion  that 
there  is  a  partial  volatilization  of  the  carbon.  The  chemist  talks  of 
compounds,  such  as  marsh  gas  and  carbonic  oxide,  as  containing  so 
many  volumes  of  carbon  vapour  combiiuKl  with  so  many  volumes 
of  the  other  elements ;  but  I  need  scarcely  say  that  the  combining 
volume  of  carbon  is  deduced,  on  tlieoretical  grounds,  frein  the 
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question  of  temperature,  or,  in  other  words,  of  molecular  motion. 
In  liquids  and  gases  we  have,  according  to  the  generally  accepted 
kinetic  theory,  a  constant  movement  of  the  atoms  or  molecules, 
the  rate  of  which  differs*  in  the  case  of  each  individual  gas.  It  is 
difficult  to  define  the  exact  difference  between  gases  and  liquids ; 
both  possess,  to  a  very  large  extent,  the  same  functions,  and  many 
gases  can  be  converted  into  liquids  by  pressure  alone,  and  inde- 
pendently of  reduction  of  temperature.  In  like  manner,  if  we 
place  a  liquid  in  a  confined  space  and  seal  it  up  we  can  convert  it 
entirely  into  gas  by  exposing  it  to  a  sufficiently  high  temperature, 
provided  there  is  enough  space  for  the  expansion  of  the  liquid 
before  it  is  converted  into  gas.  A  cubic  inch  of  water  becomes, 
under  ordinaiy  circumstances,  a  cubic  foot  of  steam  or  gaseous 
water ;  but  the  water  may  be  converted  into  gas  in  a  confined 
space  of  less  than  two  cubic  inches.  Many  of  the  experiments  on 
the  relations  of  gases  to  liquids  have  been  conducted  with  carbonic 
anhydride,  which,  under  ordinary  temperatures,  is  liquified  under 
a  pressure  of  about  50  atmospheres.  The  researches  of  Andrews, 
of  Belfast,  are  particularly  noteworthy,  and  are  well  known  to  all 
physical  and  chemical  philosophers.  He  was  the  first  to  observe 
what  is  called  the  ''  critical  point "  of  a  liquifiable  gas,  a  point  at 
which  it  is  difficult  to  say  whether  the  body  exists  as  gas  or  liquid ; 
or,  rather,  we  may  have  both  forms  existing  in  the  same  vessel, 
bat  without  auy  distinct  line  of  separation — in  fact,  they  seem  to 
merge  into  one  another.  The  critical  temperature  varies  with  the 
pressure,  and  in  some  gases  it  is  far  below  zero  of  Fahrenheit's 
thermometer.  Still,  under  ordinary  circumstances,  the  physical 
characters  of  gases  and  liquids  are  sufficiently  well  marked,  beside.s 
which  we  have  in  the  change  of  state  from  liquid  to  gas  a  large 
amount  of  heat  rendered  latent,  and  in  the  contrary  action  a 
■iTnilftr  amount  of  heat  becoming  sensible. 

It  is,  perhaps,  superfluous  to  dwell  further  on  this  interesting 
•abject;  but  I  would  like  to  impress  this  fact  on  your  minds,  that 
the  atoms  of  matter  are  the  same  whatever  be  the  physical  condi- 
tion. In  solids,  as  I  have  already  hinted,  the  atoms  are  probably 
arranged  in  molecules  of  symmetrical  geometric  form.  The 
simplest  geometric  form  is  the  tetrahedron,  in  which  case  only 
foor  atoms  would  be  required  to  form  a  molecule  ;  but  probably 
there  are  few  molecules  so  simple,  and  there  is  reason  to  believe 
that  many  of  them  are  highly  complex,  especially  the  molecules  of 
eompoond  bodies.     Crystalline  forms,  such  as  we  produce  by  fusion 
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and  cooling,  by  solution  and  evaporation,  or  by  soblimation,  are 
probably  aggregates  of  the  S3rmmetrical  moleenles;    at  least  we 
know  that  some  crystals,  such  as  those  of  Icdand  spar,  are  built 
up  of  myriads  of  smaller  crystals  of  exactly  the  same  form.     Theiv 
are  many  solids  which  have  two  or  more  distinct  forms,  which 
often  possess  specific  properties     Sulphur  is  one  of  them  ;  it  has  at 
least  two  distinct  crystalline  forms,  and  one  that  is  amorphous.     In 
these  various  modifications  we  can  readily  conceive  that  the  atoms 
in  the  molecules  are  diiferently  arranged,  and  probably  different  in 
number,  and  that  in  the  amoi-phous  state  symmetoy  is  absent,  and 
the  atoms  or  molecules  an*  not  gix>uped  into  symmetrical  forms,  but 
are  free  and  distinct  as  in  liquids,  althou^  destitute  of  motion. 
Silica  alfords  an  excellent  illustration  of  trimorphism.     lliere  is  the 
familiar  variety  known  as  rock  crystal,  the  form  of  which  is  a  six- 
sided  prism,  and  it  has  a  giuvity  of  about  2*6.     Another  crystal- 
line form,  '*  Tridyiuite,*'  has  a  gravity  of  2-3,  while  the  ordinary 
amorphous  quartz  is  only  2*2.     All  these  modificaticms  may  be 
formed  by  deposition  from  solutions,  but  at  different  temperatures. 
Sometimes  one  crystalline  form  may  be  transformed  into  another 
by  the  simple  application  of  heat,  and  the  change  becomes  i^pparent 
by  some  modification  of  colour  or  some  other  property.     Thus  the 
scarlet  iodide  of  mercury,  when  gently  warmed,  acquires,  together 
with  a  new  crystalline  form,  a  pale  yellow  colour,  which  gradually 
and  slowly  comes  back  to  the  normal  tint,  which  may  be  more 
rapidly  brought  back  by  friction.     Again,  the  brick-red  doable 
iodide  of  mercury  and  copper  changes  to  black  at  the  temperature 
of  boiling  water,  the  i*ed  colour  being  restored  on  the  removal  of 
the  source  of  heat.     Calcic  carbonate  has  two  very  distinct  crystal- 
line forms,  one  of  which,  tlie  rhombohedron,  is  well  known  in  the 
mineral  form  of  Iceland  spar  ;  the  other,  a  six-sided  prism,  is  seen 
in  arragonite.     Now,  if  a  cr}'stal  of  arragonite  is  suddenly  heated, 
it  falls  into  a  rough  powder,  which,  on  examination  with  a  micro- 
scope, is  seen  to  consist  of  minute  crystals  of  Iceland  spar. 

In  liquids  and  gases  we  may  assume,  with  some  d^pree  of  pro- 
bability, that  the  atoms  are  in  most  cases  not  grouped  into 
molecules,  at  least  in  the  case  of  elcraentaiy  bodies.  In  these  two 
forms  of  matter  the  atoms  arc  in  motion,  but  the  motion  is  more 
rapid  in  gases  than  in  liquids,  in  the  former  having  what  is  called 
a  free  path,  in  which  they  move  a  considerable  distance,  oompsred 
with  their  own  dimensions,  without  encountering  one  another; 
while  in  the  latter  they  are  constantly  coming  into  collisioiL     Tlw 
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great  differenoe  between  liquids  aud  gases  is  that  in  gaiies,  unless 
at  or  near  the  critical  point,  the  atoms  ai'e  further  apart  than  in 
liquids,  other  circumstances,  as  of  pressure  and  temperature,  being 
equaL  In  the  case  of  hydrogen  gas,  at  ordinary  temperature  and 
pressure,  it  has  been  calculated  that  the  atoms  move  at  the  rate  of 
6,225  feet  per  second,  their  size  being  at  most  1-5  millionth  of  an 
inch  in  diameter.  The  rate  of  motion,  however,  is  influenced  both 
by  temperature  and  pressure. 

The  atoms  or  molecules  of  gases  are  inconceivably  minute, 
and  the  distances  between  them,  although  necessarily  very  &r 
in  excess  of  the  dimensions  of  the  atoms  or  molecules  them- 
selves, are  also  infinitely  beyond  our  powers  of  perception.  In 
regard  to  water,  we  cannot  tell  the  absolute  distance  of  the 
molecules  in  steam,  but  we  know  this  much,  that  they  are 
twelve  times  farther  apart  in  every  direction  than  they  are  in 
cubic  inch  of  water  giving  a  cubic  foot  of  steam.  But 
are  different  from  solids  and  liquids  in  being  infinitely  more 
readily  aflected  by  temperature  and  pressure.  They  possess  the 
pn^>erty  of  idio-repulsion,  which  causes  their  atoms  to  separate 
farther  and  further  as  the  pressure  is  reduced.  I  am  not  sure 
that  there  is  really  such  a  force  as  idio-repulsion,  but  it  is  true,  at 
all  events,  whatever  be  the  correct  explanation  of  it,  that  as  the 
pressure  decreases  the  volume  increases,  and  this  without  any 
af^Mrent  limit  It  has  been  argued  that,  if  matter  consists  of 
atoms,  it  follows  that  gases  have  a  limit  of  expansion,  beyond 
which  they  cannot  pas&  But  it  has  really  nothing  to  do  with  the 
atomic  theory,  for  it  is  not  a  question  of  the  infinite  divisibility  of 
matter  or  the  reverse,  in  regard  to  which  thci*e  is  at  the  present 
day  no  manner  of  doubt  in  the  minds  of  chemists  and  physicists, 
hot  simply  of  the  separation  of  atoms  farther  and  f ailher  apart  In 
tlie  experiments  of  Gassiot  and  Crookes,  gases  have  been  reduced 
to  a  most  extraordinary  degree  of  tenuity,  and  perfect  vacua; 
have  been  obtained — ^perfect,  at  least,  as  regards  the  particular 
gases  with  which  the  vessels  were  filled,  the  last  traces  being 
absorbed  by  chemical  agents.  For  my  own  part,  I  cannot  conceive 
oi  any  limit  to  the  distance  to  which  the  atoms  of  a  gas  may  be 
aeparated,  any  more  than  I  can  conceive  of  a  limit  to  space  itself. 
In  regard  to  the  atmosphere  which  sun*ounds  our  earth,  it  pro- 
bably becomes  so  attenuated  at  a  distance  of  about  forty  miles  as 
to  be  scaxoely  appreciable  in  gravity  ;  but  there  are  really  no  good 
grounds  for  supposing  that  it  is  limited  to  40,  50,  or  even  200 
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miles,  or  that  it  does  not  in  some  d^ree  fill  mil  space,  at  least 
within  our  solar  systom.     But  it  is  impossible  to  atop  here;  if 
this  is  so,  it  follows,  almost  as  a  matter  of  course,  that  the  same 
space  contained  at  or.o  time — a  distance  of  time  that  it  is  as  impos- 
fdble  for  us  to  realis*'  as  it  is  for  ns  to  form  a  distinct  conception 
re^anlins:  the  iiiuit^nsioRs  of  space  its*^lf — all  the  elements  whidi 
we  find  on  the  earth's  surface,  in  the  planets,  in  the  omiets  belong- 
in?  to  our  system,  aiul  in  the  sun- 
It  is  wt'll  knov^ii  that  if  we  descend  into  the  earth  we  soon 
ivaeh  a  point  at  which  the  temperature  is  practicaUj  constant, 
afftx*t^»d,  t»^  an  appn^nalile  extent,  neither  by  the  heat  of  summer 
nor  the  cv^Kl  of  winter.     This  point  of  constant  temperatare  varies 
ill  ditforeut  )>arts  of  the  world,  but  in  this  coimtiy  it  is  about 
50  ftvt  fn^m  the  surfact\  and  is  about  47*  F.     But,  if  we  descend 
lieyoiul  this  p^^iut  by  moans  of  a  pit  or  mine,  we  find  a  decided 
incnnist*  of  temix»ratun^  the  further  we  descend;  and  this  incre- 
ment of  hi^t  i^vs  on  to  the  greatest  depths  which  have  been 
reai'htHl,  either  by  actual  descent  into  the  bowels  of  the  earth,  or 
by  iH^ring  for  water  to  still  greater  depths.     The  rate  of  increment 
varit^  at  ditl'erent  places  from  ')0  to  100  feet  for  each  d^reeFahr. 
It  is  therefon\  a  natural  conclusion  that  there  exists  an  internal 
source  of  heat,  which  is  constantly  passing  outwards  and  being 
dissi[vat4Hl  into  space.     The  existence  of  volcanoes,  and  of  rocks 
which  K'iir  unmistakable  evidence  of  having  been  in  a  state  of 
fusion,  point  to  the  same  conclusion ;  and  it  is  only  a  farther  step 
to  uuilerstand  that  the  earth  was  at  a  former  period  in  a  complete 
state  of  fusion,  and  that  it  has  l)een  gradually  cooling  ever  since. 
With  reirard  to  the  qui^tion  whether  there  is  an  internal  mass  of 
^fitdd  toij^arvis  the  earth*s  centre,  that  is  a  matter  which  is  open  to 
discussion,  and  which  cannot  l>e  determined  by  actual  observatioD. 
If  the  increment  of  heat  which  we  find  in  descending  some  han- 
dreds  oi  feet  in  a  pit  were  continued  at  the  same  ratio  for  a  defA 
equal  to  only  ^*^  of  the  earth's  radius,  or  about  80  miles,  neariy 
all  iKxlies  with  which  we  are  acquainted  would  be  in  a  state  <t 
fusion.     As  regards  volcanoes,  there  is  at  least  a  probaliility  thit 
their  occurrence  is  due  in  many  instances  to  local  causes,  and  tkii 
they  are  not  necessarily  connected  with  an  internal  igneous  maaa 
In  passing,  I  will  only  make  this  one  ol)servation  in  regard  to  the 
geology  of  the  earth's  crust,  that  some  of  the  rocks  whidb  wen 
formerly  considered  to  be  of  igneous  origin,  have^  upon  further 
study,  been  declared  to  have  been  deposited  from  water.     Bven 
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the  granite^  which  Murchison  used  to  speak  of  as  the  backbone  of 
our  native  land,  must,  I  fear,  be  relegated  to  the  group  of  meta- 
roorphic  rocks,  of  which  it  is,  however,  probably  the  most  ancient. 

The  earth  having  been  at  one  period  a  fluid  mass,  cooled  gradu- 
ally by  radiation ;  and,  after  a  time,  a  crust  was  formed  on  its 
surface.  But  as  this  crust,  itself  a  very  bad  conductor  of  heat, 
grew  colder  towards  the  surface,  contraction  must  have  taken 
place,  and  irregular  fissures  produced,  giving  rise  to  catastrophes 
of  various  kinds,  and  especially  the  formation  of  mountain 
ranges.  Neither  can  we  suppose  that  the  fluid  mass  was  perfectly 
quiescent :  on  the  contrary,  there  is  every  reason  to  suppose 
that  chemi(»J  action  was  going  on,  giving  rise  to  the  formation 
of  gaseous  matter,  which  found  vent  in  the  craters  of  volcanoes. 
In  course  of  time  the  earth  became  so  cold  that  the  aqueous 
vapour  contained  in  the  atmosphere  condensed,  and  a  new 
series  of  phenomena  commenced,  one  result  of  which  was  extensive 
denudation  and  the  formation  of  the  sedimentary  rocks,  some  of 
which  must  have  been  formed  at  inconceivably  remote  periods. 
The  upheavals  of  the  earth's  crust,  to  which  I  have  referred,  cer- 
tainly continued  long  after  the  condensation  of  water,  for  we  find 
sedimentary  rocks  high  up  in  the  most  lofty  of  our  mountain 
chains;  and  they  occur  even  at  the  present  time,  although  in  a 
modified  form,  and  only  in  certain  circumscribed  localities. 

But,  remote  as  the  period  of  perfect  fluidity  undoubtedly  was, 
it  is  a  fair  and  legitimate  conjecture,  if  I  may  use  that  word 
in  regard  to  a  matter  which  scarcely  admits  of  a  doubt,  that 
it  was  preceded  by  one  yet  further  removed  in  the  dim  vista 
of  the  immeasurable  past.  It  is  true  that  we  are  absolutely 
incapable  ot  contemplating  a  commencement  of  the  existence 
of  the  universe,  just  as  we  cannot  conceive  of  the  begin- 
ning of  time,  the  duration  of  eternity,  or  the  bounds  of  space; 
but  if  we  follow  up  the  thoughts  in  which  we  have  been  indulg- 
ing, we  seem  to  come  unavoidably  to  a  period  in  which  that 
form  of  motion  which  we  call  heat  reigned  supreme,  in  which  all 
matter  was  gaseous  and  elementary.  How  that  matter  came  to 
be  condensed  and  aggregated  into  groups,  forming  a  central  sun, 
planets  and  their  satellites,  comets,  aerolites,  and  meteoric  dust,  I 
shall  not  attempt  to  conjectiu^  ;  but  I  shall  ask  you  to  follow  me 
in  a  speculation  which  I  trust  you  will  not  consider  too  daring 
or  presumptuous.  The  cooling  effect  of  radiation  on  these 
aggregations  of  vapours  woidd  pi-obably  result,  in  the  first 
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place,  in  tlio  chemical  union  of  the  various  elements,  especially 
the  motnls  and  hydrogen,  with  oxygen;  and  as  this  combina- 
tion would  Rot  £ive  heat  formerly  latent  in  the  elementary 
iKKiicft,  thon^  would,  for  a  long  time,  be  a  period  of  oscillation 
l)CtW(HMi  compounds  and  elements,  during  which  the  cooling 
procoss  would  go  on  with  extreme  tardiness.  Merging  imper- 
ivptiMy  into  this  period  of  chemical  combination  would  be 
that  of  Htpiofaotion  of  the  compounds  and  the  few  elements,  such 
AH  gi^ld  and  platinum,  which  possess  only  slight  affinities  for  the 
olhor  olomouts ;  with  a  residuum  of  oxygen  and  nitrogen  gases,  and. 
KU^m  moroor  less  mixed  with  other  vapours.  Then  would  follow 
a  (VTit>l  of  oom|^rative  quiescence ;  combustion,  that  is,  the  com- 
iMUAtion  of  xho  olomonta,  would  cease,  and  enormous  cantraction^=v^ 
in  bulk  would  follow,  and  the  orb  would  be,  to  use  a  vulgar  phTase,^ 
pU>t\i  out  as  a  Si^uroe  of  light  to  surrounding  heavenly 
aud  \»o«ltl  SiV^n  Ixxn^me  covered  with  a  solid  crust,  which  wonldt»-W 
n^UtW  it  oom^viratiwly  inojierative  as  a  centre  of  heat  radiation. — ^«n- 
Thon  would  follow  tho  various  phenomena  which  I  attempted 
tJ«vv,-nlv  AS  hi^viuj:  Ixvn  oxperienoed  in  our  own  little  planet; 
U'  >^v  \M^^.>^  to  pursxio  the  sjxvulation  further  still,  we  should 
a  )VMr.t  r,;  :ho  futurt^  Jis  dim  and  distant  as  the  events  I  haTe^-sr-ve 
^l)ud<\;  to  ^KxMv  in  th«>  f^ast^  in  which  sun,  earth,  and  moon,  not  tc^i^  to 
i^\\\%V  ot  tho  inuumorablo  suns  lielonging  to  other  systems  witlf.:^.t& 
Abu  ';  t^o  sV\  is  $tutid(\l.  will  Ix"  Kild  and  lifeless  as  the  impeui— »j 
n^W,*  ^,>^  K-ftj-.it^rs  of  \hc  Polar  re$[ions.  But  surely  tliese  are 
i«o^v  Vj\v,;*Ai?.v.;>  ;  arc  they  not  going  im  liefore  our  eyes  at 
)m>\h(n:*.i  \  .YAc  '  U  :^s>l  our  own  eanh  in  the  stage  of  cooling  doi 
AtVov  Iv'^x;);*:  .\v.v.;vr^t<vi  '^rs  }vrioii  of  active  inoandescence  ?  and 
luM  t' ,'  >;;*..  .^t  )>.is  x-r^rc  r.>oment  undergoing  the  combinalioD 
u»  ,<)o..:,^v.i2>^  ^  >.},*^>:  bd^  co:?^  or.  for  aces,  and  wiU  go  on  for  agei  'Wo 
N\\u^«'  \X  -vs*  a:v  t>)r  j^V:Ar  ^-cvvminenops  but  gigantic  flamei  of 
K\>^NV  ;x  ..,  r:-.^  «,^  *^;*  »\«^.":^i:^AtJon  with  oxygen,  and  the  pfco*©- 
MNbo'.v  :v.,j  Av.  Alo>,<ks}  :!^.s;\&rfs:7  £lm  of  gaseous  matter  nndofouy 
*\s»x*.l\ijx4,-,. .  \ik>,;«o  !>>;*  ^  ,:yf.'*«$  i?  sull  coBnposod  ol  matter  SI  too 
l»Vch  *  «,  ...'.x^?'5*4«;:v  ;,"  *.>/.::  .if  o}>f':T.icsl  combination  between  i^ 
,KM«,\i;4>  \  .N^  ',*  r>oi  i.V  ohron^.is^iibfw*  whicii  gives  as  ^ 
>\H«i;>s.Nt, .  .,  ^vx  .:.  j.V  v,-/;*:  sixvsr-im.  liie  gmseoos  or  vaponw 
\MNVkV4>  ,\;  ,\v./..,  N^j.>i..  ..  yy.^-r.xrf-T.  &m  the  varioos  metals vUcs 
»>i  nW  :v>.,\  ,>i;   ,)^  >^::  ,  vi^,  AS  i,Ti>k>!s.  r«*:i  cv-vxKlensed  lo  eo«p** 

IV^  ovx  .^  ,^  .i.-  ,«,-.  ^  .X  A:v-«i.;  >':\  viiic^  is;  aboat  nrioeihit 


Opening  Address  by  Dr.  Wallace.  317 

:  granite,  and  1-|  that  of  trap  rock.  The  weight  of  the  sun,  as 
nnpared  with  water,  is  only  one-fourth  that  of  the  earth ;  and  as 
16  constituents,  as  determined  by  the  spectroscope,  are  essentially 
le  same,  while  the  effects  of  gravitation  are  enormously  in  excess 
'  those  observed  on  the  earth's  surface,  it  is  a  fair  inference  to 
include  that  when,  in  future  and  far  distant  ages,  the  heat  gene- 
.ted  by  the  combination  of  its  elementary  constituents,  and  that 
irived  from  the  changes  of  state  from  gas  to  fluid  and  from  fluid 

solid,  will  have  been  dissipated  into  space,  its  bulk  will  have  so 
r  contracted  that  its  gravity  will  at  least  equal  that  of  the  earth. 

Qentlemen,  the  subject  of  chemical  dissociation,  to  which  I 
sayed  to  call  your  attention  this  evening,  has  led  me  imperceptibly 

treat  of  matters  which  have  long  been  floating  in  my  mind,  but 

which  I  have  not  hitherto  ventured  to  give  expression ;  and  I 
Lve  to  crave  your  indulgence  for  the  exceedingly  crude  and 
iperfect  way  in  which  I  have  placed  these  views  before  you,  and 
so  for  having  failed  to  notice  other  theories  which  have  been 
vanced  for  the  explanation  of  the  phenomena  of  solar  heat  and 
;ht.    I  have  to  express  my  great  regret,  also,  that  the  rule  imposed 

universal  custom  in  learned  societies  to  be  observed  in  the  case 
an  opening  address  has  prevented  me  from  exhibiting  experi- 
mtal  illustrations.  We  live  in  a  time  of  rapid  progress  in  scien- 
ic  research,  and  talk  familiarly  of  matters  of  momentous  import^ 
lich  our  fathers  never  dreamt  of.  Let  us  see  that  we  1^  not 
fifed  up  with  our  knowledge — which,  after  all,  is  trifling  com- 
red  to  what  mankind  may  yet  attain  to — but  ever  struggle  on, 
mbly  and  hopefully,  iji  the  earnest  desire  to  learn  something  of 
5  mysteries  of  that  glorious  world  in  which  we  are  such  insigni- 
ftnt  units.  And,  above  all,  let  us  hope  that  the  knowledge  we 
loire,  be  it  much  or  little,  according  to  our  various  capacities 
1  opportunities,  may  elevate  our  minds,  enable  us  to  regard 
th  equanimity  the  passing  events  of  a  vain  and  frivolous  world, 
i  make  us  better  fitted  to  lead  useful  and  honoura\ble  lives. 
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1  — Fi^ftric  *T»ii  Phi4<>M(tric  TtsU  of  Swans  Incandescent  Lampa..^^ 
Bt  Axi>Kr«  Jamieson,  C.E.,  Principal,  GoU^e  of  Sciem 
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iVxsiiHKiKi.^   ;:.:<:^.>;  wa>  iiianifesred  by  the  members  of  this -i*-^ 
^v*«x   IV.  The  S«  A.:-.  Lati.;^  when  Mr.  Swan,  of  Newcastle,  read 
kW  ir,u>?vs:r..i  :v.:*r  rv.  -  E2eotrio  lighting  bj  his  Incandescent    ^^ 

Mav>    .^"  ;^:    :.>:  ::^"i<r<  prt>tiii  that  evening  were  very  anxious  -^^ 

K^  V:>»"«.  :v,  .  ..  ^  'r;.*>»  Mr.  Swat,  made  his  tinv  carbon  lilaments,  -^ 

a^v,  K'«   i,v  ^  ■/: .  *  w.v,;l.l  :4>;  ,and  at  what  candle  power),  but  ^ 

aW  %K^.      .  .  Vv^    ,...    r.:rs<->;TftiT^  was  neqaired  to  keep   them  ^ 

N..\:i5' *•»:   :X^  .,;;>:,....<  *:-n  liscrouiihlv  answered  at  the  time. 

M^    S^ftAi',  ^•,\  ,  -*:  :..V\  .v.T.v.lt:<\i  the  taking  out  of  his  patcmts:  ^ 

*x*lij«^  K"  *v,  •   N-.w,...?  ;■*■  ha^i  bad  a  sufficiently  protracted  trial  ^ 

\\\  ^^iw:  V,*  /..■.,-*  v.i.'i  :ht     ti^h  of  life  of  his  lamps,  and  no  one  '*- 

K*,\  v\A,;;-  ,^   *  s,\,-^. :    I'TsTr^v-^jkl  i>r  rhi>:«"*Tnetrio  experiments  with  ^ 

:^*,\v  ;>>^-.  V,-  >».s.  >vjw>  .vcivtk^M  hi<  patents,  triila  of  some 
ANi^NNk^t'*'.^.-  V.  .^;>.  ':.^A^."  '^vr.  r:;aie  «i*h  his  lamps,  and  tolerably 
*«v«x^lv  c\.v  ••  .  .>  :.A^  r  ':o!  r.  laadv,  no:  oolv  with  Mr.  Swan  a 
Ki^  ^-^h  v.>,v^.  .:  ,.v  .-cV-T  »-..■.  krs>wr.  forms  of  incandescent  lamps 
^>:v\  \<xv  V.'  ...  .-V  >  >;.'c^v.i  '.mo  ^3Lis;enoc.  I  thought  it  might 
W  v.,,'^\^;:.  ^  V  \\v  :.'  Vji^Y  ir.>wiers  to  tke  aKove  qoesdoBS, 
aVK*.  5S.-<v^^\  .•."'.>•  :>:<      V.  ir. -bf  fore  c«  a  slK*rt  coinmiimcatioiL     —      — 

iKk"^  ^^  ii>j; , .\  \kv.%^  >» :.:  ..*..'.  i:  c:r,xl ;  ixb  £xsi]ig into  split  sted  tube 


: 


Kws\k)>A:  ^  S,      '^'S.^    >';»o:r>  *rf  s:TiV,Vfcr  to  an 

|vtosi'^  >KVNk  .  .VL.',.  >-*^ .   >iv*A.    >.r:%:;;s  F-  F*  wkx±L  wiieii  posbK 

<r«ii!<     A'.x^^v  ,lv;  ^.rT'.^-'r^  :lv  :i.ir.  sc^*  extends  in  a 

«^v*rcyu  :v^  S  Sv  JL^  V.  uxc  rjUL-^ci  u.rcc;^  aski  fwed  into  lihe 


Plate  I. 
Fig.l. 
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glass  at  S  G,  terminating  in  two  small  loops.  To  these  loops  are 
soldered  thin  copper  wires,  with  their  free  ends  twisted  round  the 
hrass  screw  terminals,  T^  T,.  The  carbon  filament,  with  its 
holders  and  terminal  platinum  wires,  is  inserted  into  a  glass  tube 
(gg),  terminating  in  a  glass  globe,  G  G.  Over  the  end  of  the  glass 
tube  is  fitted  a  neat  papier-mach^  ferrule,  with  two  gilded  side 
contact  springs,  K^  K2,  leading  from  T^  T^.  Into  the  end  of  this 
ferrule  is  fixed  a  hollow  wooden  plug,  in  order  to  make  provision 
for  fixing  the  terminal  screws,  T^  T^ 

Sockets  or  lamp-holders  are  also  provided,  into  which  the  lamp 
(as  just  described)  may  be  inserted  or  removed  without  any  more 
trouble  than  that  of  inserting  or  removing  an  ordinary  candle  from 
a  candlestick. 

Carbon  FiLiment. — The  cai'bon  filament  is  formed  by  first  sub- 
jecting cotton  crochet  thread  to  the  action  of  sulphuric  acid,  mixed 
with  water  in  the  proportion  of  two  of  sulphuric  acid  to  one  of 
water.  This  causes  a  change  to  take  place  in  the  thread  similar 
in  chariictcr  to  that  produced  by  the  treatment  of  bibulous  paper 
with  sulphuric  acid,  according  to  the  well-known  process  of  making 
vegetable  pai'chment. 

The  cotton  thread,  after  being  immersed  in  this  solution  for  a 
sufficient  time,  is  removed  therefrom  and  washed  with  water  until 
the  whole  of  the  acid  has  been  eliminated.  .  It  is  then  dried  and 
carbonized  by  being  placed  in  a  hermetically-sealed  metal  case 
and  subjected  to  a  high  temperature  for  some  time  (all  air  being 
carefully  excluded).  The  carbon  filaments  are  not  unfrequently 
fonned  with  a  loop  or  double  turn,  which  helps  to  give  a  more 
uniform  light  in  all  directions. 

Platinum  Terminal  Wires. — The  object  for  using  the  expensive 
metal  platinum  for  terminal  wires  to  the  steel  holdei*s  arises  from 
the  iBjci  that  the  metal  platinum  comes  closest  to  glass  in  its  co- 
efficient expansion  by  heat.  If  copper,  iron,  or  silver  were  used 
us  the  conducting  wires  through  the  closed  glass  end  at  (S  G),  the 
probability  is  that  the  greater  expansion  by  heat  of  those  metals 
would  burst  or  break  the  glass,  or  prevent  the  possibility  of 
retaining  a  good  vacuum  inside  the  globe. 

Vacuum  in  Glass  Globe. — The  air  contained  in  the  glass  tube 
and  bulb  is  carefully  removed  as  far  as  possible  by  means  of  a 
Sprengel  air-pump,  <fec.,  and  the  bulb  is  hermetically  sealed  by  a 
blow-pipe  at  the  lower  nipple,  so  that  the  carbon  filament  exists 
in  as  perfect  a  vacuum  as  can  be  made. 
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Cainfe  o/  Incandesceticf. — The  electric  current  generated,  sav  l»v 
a  steam-engine  revohing  the  armature  of  a  djnamo  machine,  is 
forced  from  the  positive  pole  thereof  along  one  main  leading  wire, 
and  crosses  to  the  other  or  return  main  lead  by  forcing  its  way 
through  the  carl^on  filaments  of  a  number  of  Swan  lamps  (whose 
terminal  contact  springs,  K,  K^  are  joined  to  these  teads),  and 
thus  completing  the  circuit  by  returning  to  the  negative  pole  of 
the  dynamo.  The  cuiTent,  in  being  forced  through  the  fine  carbon 
filaments,  meets  with  a  cei-tain  amount  of  resistance  ;  work  Ls 
done  in  overcoming  this  resistance,  and  its  equivalent  in  heat  is 
generated  in  the  tine  carljon  thread,  which  l>ecomes  incandescent, 
giving  forth  a  certain  amount  of  light. 

The  great  object  in  lighting  by  inci\ndescent  lamps  is  to  keep 
the  resistance  of  all  parts  of  the  electric  circuit  as  low  as  possible 
with  i-espect  to  the  resistance  of  the  carbon  filaments,  so  that  a 
maximum  of  the  energy  generated  by  the  engine  may  be  concen- 
trated in  the  lamjts,  in  order  to  get  a  maximum  of  light  from  them. 

With  regard  to  the  other  questions,  I  have  arranged  a  system 
of  connections,  which  I  find  easy  of  manipidation  (explained  to 
meeting  by  a  large  wall  diagram).     See  Fig.  II. 

The  accompanying  engraving  shows  the  complete  arrangement 
of  the  apparatus,  and  beneath  are  given  the  rules  followed  in 
making  the  tests. 

Tables  I.  and  II.  show  the  ivsults,  and  Table  III.  gives  the 
details  of  the  life  of  the  Swan  Lamps  at  flamock  Colliery. 

The  details  are  so  fully  set  forth,  that  I  do  not  think  much 
further  explanation  is  required.  Table  III.  is  interesting,  as  it 
shows  that  long  life  and  pnxsperity  are  yet  in  store  for  Swan 
Lamps.*  Tlie  observations  are  confined  to  the  lamps  only.  The 
lamp  to  be  tested  was  simply  removed  from  its  position  in  the 
electric  light  circuit,  and  placed  in  the  photometer,  the  ends  of  the 
leads  L|  L>  taking  its  place  on  the  main  leads,  so  that  its  conditiou 
while  under  test  was  as  nearly  as  possible  the  same  as  before. 

The  photometer  was  constructed  on  Rumford's  direct  shadow 
principle,  which  I  find  answers  very  well  for  incandescent  lamp 
up  to  15  or  20-candle  jwwer.  When  higher  candle  powers  arf 
obtained,  it  becomes  a  matter  of  personal  judgment^  and  two 
observers  will  not  give  precisely  the  same  results,  owing  to  the 


*  The  Secretary  for  Swan's  Co.  informed  me  the  other  day,  in  ancwer  t» 
an  inquiry  I  made,  that  they  had  had  some  of  their  Umpe  at  work  for  ofcr 
1300  hours  without  giving  way. 
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great  difference  in  colour  of  the  two  shadows — viz.,  that  from  the 
candle  and  the  incandescent  lamp.**^ 

While  accurately  determining  the  resistance  of  the  German  silver 
wire — which  is  marked  in  the  engraving  above  G.S.W.,  30**',  No. 
IG  B.W.G.,  which  means  that  it  has  to  be  about  30  ohms 
resistance,  and  say  No.  16  Birmingham  wire  gauge — by  means  of 
a  Wheatstone  bridge,  4&c.,  it  is  advisable  to  take  the  resistance  of 
all  the  lamps  (cold)  that  are  after^'ards  to  be  tested  by  the  special 
method,  lK>th  cold  and  hot,  in  order  to  prove  the  accuracy  of  the 
connections  and  galvanometer  in  the  special  test. 

The  principle  employed  in  determining  the  resistance  of  the 
lamps,  both  cold  and  hot,  by  the  special  method,  is  that  of  com- 
paling  the  deflections  obtained  on  a  high  resistance  galvanometer 
— placed  in  a  very  high  resistance  circuit — joined  up  as  a  shunt, 
first  to  the  known  and  the  accurately  determine<l  30^  of  Grerman 
silver  wire,  and,  secondly,  to  the  lamp  imder  test.     Then, 

For  Res.  cold  Dj  :  D,  :  :  30^  :  R 
For  Res.  hot    D,  :  D4  :  :  30^  :  r. 
The  electromotive  force,  or  difference  of  potential  between  the 
terminals  of  the  lamps  when  hot,  is  found  by  comparing  the  deflec- 
tion obtained  from  the  same,  with  that  of  a  battery  of  known 
electromotive  force. 

.-.  Dj  :  D4  :  :  40 '^°"*  :  E. 
Tlie  candle-power  is  always  obtained  at  the  same  instant  as  the 
resistance  hot  and  the  electromotive  force;  and  thi*ee  or  four 
minutes  sufiices  for  gettuig  all  the  necessary  deflections  from  one 
lamp  for  working  out  the  details  as  given  in  Tables  I.  and  II. , 
when  once  the  connections  have  been  satisfactorily  joined  up,  and 
found  correct 


RULES  FOR  TAKING  TESTS,  &c. 


See  Fig.  1. 
(Nesiatanee  cold)— Free  dynamo  leads  Lj  L,.     Close  switches  A,  B,  C 
(1-3);  take  deflection  D^.— Close  switches  A,  B,  C  (2—3);  take  deflec- 
tion D,. 

.  • .  Dj   :  D,  :  :  30W  :  R. 

.  • .      D,   x_30  ^  ^  (Resiatance  cold)    ^' 


*  The  photometer  used  by  Dr.  Wallace  was  the  same  as  houses  for 
teatioff  tneOlawow  gas- 
made  by  Sugg  of  London). 


teatiog  tne  Glasgow  gas — viz.,  a  100-inch  bar  with  two  candles  (Bonsen's, 
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.BaUanec  hoty-Tna  iwitch  A ;  jotn  on  dynanio  lead*  I.,  I.,.    Adjirt 
nnt;  find  D,  and  D,  by  ume  plu  m  D,  Mid  D,. 


(JBedronuXiw  .fbree)— Free  awitchei  A,  B,  Cj   eloae  ■wHeh  D;  Uk« 
Idection  D,. 

.  ■ .  D,  :  D,  :  :  40  :  B  .  • .  ^*  ^   ***    =  B  (B.M.F.)  Vdti. 

'  E 

(OHfTwriper  tamp,  AoO— (AmpiresJ  =  — 


[Htal — Unit*  per  emidle  i*  gramme  degrtu) 

TABLE  L 


Te<t<  Uken  of  Swao'*  Luni 

.  No.  1.  ftt  Colkge  of  SdeoM  mnd  Arti. 

March,  1882. 

E.  M.  F.  In 

Corrcntln 

t'niti  of  Work 

CudlBFonr 

1 

.,,...„ 

VoLM(E). 

Ainp«™(C). 

(EXC). 

Ote<nnd(l» 

65fi 

■4 

2 

63- 

17 

3 

B6- 

4-25 

50-8 

6-4 

e 

49-5 

8-5 

6 

49-3 

7-4 

... 

7 

47-6 

ft-3 

■19 

8 

4B-2 

11-9 

9 

441 

13-3 

'-.1 

DanW 

10 

421 

16- 

11 

41-2 

17-8 

■43 

12 
13 

397 
3S-6 

20-3 
22-5 

■61 
■59 

Verybii^ti**- 

U 

38  6 

23  6 

■61 

16 

37-5 

26'7 

■69 

ife 

■6(8) 

IC 

35-7 

29- 

■81 

17 

35- 

■91 

2b'-2 

2-0  (8) 

18 

34- 

37-3 

11 

499 

5-4  (W) 

1ft 

32-5 

39- 

1^2 

46^8 

125  (W) 

20 

33-3 

42  2 

127 

63-S 

21 

32- 

46-5 

146 

67  ■? 

22-3  (W) 

22 

31-8 

46-9 

147 

69-2 

237  (W) 

23 

31-4 

47  1 

15 

707 

23^   (ffl 
32-6  M) 

24 

311 

49-4 

1^58 

78-4 

26 

30-9 

531 

171 

9r 

56^    (W) 

26 

Candles  vitli  (W)  after  them  mean  that  they  were  tkkea  by  Dr.  Walk 
with  BuDseo'i  Photometer,  and  thoee  with  (S)  by  my»lf,  with  8hw 
Method  (Ramford't). 

The  above  Table  ia  aabstitnted  for  that  shown  at  leotnre,  •■  it  u  I 
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TABLE  n. 

at  Sir  Wflliain  Thomson's  LAbontory  with  his  Potential  GmlTanometer 
and  Ampere-meter,  on  13th  Feb.,  1882. 

r  nsed  was  oonstmcted  on  Romford's  plan.     See  Fig.  2  for  connectioiiB. 

Swan's  Lamps  (old  ones). 


1 

1 

! 

Heat  units  in 

6ld 

Hone-power 

Xomberof 

Oram  me 

Rm.  Hot 

E.M.r. 

Carmit 

Candle 

per 

CuuUesper 

Degree*  per 
Candle. 

Ohms. 

Volte. 

1  Amperes. 

Pow«r. 

Limp. 

1  Hone-power. 

(r) 

(E) 

(C) 

(K) 

1 

/K  X  74«\ 
VEXC  / 

(KxCx^) 

» 

32-5 

39- 

1-2 

7-5 

1 

•0627 

120 

33-9 

42- 

1-24 

9- 

•0698 

129 

32-5 

39- 

1-2 

8* 

•0627 

128 

30-5 

39-7 

1-3 

9- 

•0692 

130 

• 

35-7 

41- 

115 

9- 

•0632 

143 

8 

33  0 

40  14 

1-22 

8-5 

1 

•0655 

130 

1-38 

t 

31-4 

47-1 

1-5 

23- 

•0947 

243 

33-6 

47- 

1-4 

1  20- 

<)882 

227 

30-4 

47-4 

1-56 

1  23- 

•0991 

232 

t 

) 

30-0 

48- 

1-6 

21- 

•1030 

200 

1 

34-8 

48-7 

1-4 

21- 
21-6 

•0914 

225 

8 

32- 

47-6      ' 

1 

1-49 

•0953 

225 

0-79 

29-9 

53-8 

1-8 

40- 

•130 

308 

320 

51-2 

1-6 

31- 

•110 

282 

30-0 

51- 

1-7 

34- 

•116     1 

293 

29-3 

51-2 

1-75 

34-     ! 

•120      i 

283 

34-3 

51-        . 

1 

1-5       . 

31- 

•103 

302 

■ 

8 

31  1 

51-64 

i 

1-67 

34- 

•116 

293 

061 

)  Table  has  been  snbstitated  for  the  one  shown  at  lecture,  as  it  is  more 
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TABLE  III. 

December  0th,  1881  y  11  a.m. — Life  of  Stoan's  InccuuUacetU  Lamps  at  Eamock 
Colliery.  Date  of  instaUatioHf  August  lllh,  1881,  Number  of  hours  the 
lamps  are  lit  daily  is  10},  except  Sundays  and  Saturday  afternoons,  or  sixty 
hours  per  taeek. 


No.  of 
lamp. 


11 

2« 

2« 

OS 

2* 

31 

41 
4« 

5» 
5« 
5' 
5* 
5» 
5« 

61 
6« 
6» 

V 
8» 
8« 

yi 

9« 


Date  put  in.         Date  of  broakinK.         Cause  of  renewaL 


I  I  Lanii« 

Number,'  nov  in 
of  boon'    use. 
lighted.   Hours 
Lighted. 


Aug.  nth 

Ditto. 
Aug.  25th 
Sept  10th 
Oct.  5th 

Aug.  nth 

Aug.  nth 
Sept.  7th 

Aug.  nth 
Sept.  7th 
Sept.  8th 
Sept  13th 
Sept.  23rd 
Sept.  26th 

Aug.  nth 
Sept.  17th 
Sept.  2l8t 

Aug.  nth 
Aug.  nth 
Oct.  nth 

Aug.  nth 
Sept  13th 


Aug.  25th 
Sept.  10th 
Oct  5th 


Sept.  7th 


Sept.  7th 
Sept.  8th 
Sept.  13th 
Sept.  22nd 
Sept.  26th 


Sept.  17th 
Sept  2l8t 


Oct  nth 


Sept.  13th* 


Still  lighted 

Carbon  broke 

Ditto 

Ditto 

Still  lighted 

Still  lighted 

Carbon  broke 
Still  Ughted 

(.■arbon  gave  way 
Ditto 
Ditto 
Ditto 
Ditto 
Still  lighted 

Carbon  broke 

Ditto 
Still  lighted 

Still  lighted 

Carbon  oroke 

Still  lighted 


Still  Ughted 


1040     1040 


112 
130 
210 
560 


1040 

230t 
800 

222t 
10 
50 

360tt 
20 

640 

312 

30 

680 

1040 
520 
510 


750 


1040 


680 

1040 

510 

510 


Lamps  are  numbered  from  the  bottom  of  shaft  inwards  I'  to  17'* 
Renewals  are  marked  5*,  5',  5^,  5',  and  so  on. 

X  On  September  7th,  from  some  unknown  cause,  five  Umps  gave  wsy— 
viz.,  5S  n\  12',  13',  14'— marked  thus  t. 

*  No.  9'  lamp  put  into  No.  5^  with  a  previous  life  from  Angmt  11th— 
280  hours.  No.  5  is  next  to  the  bottom  of  the  shaft,  where  the  men  ooolii 
switch  it  off  and  on  with  ease,  which  may  possibly  account  for  fttffOftii 
renewals.  Since  the  switch  was  removed  the  lamp  has  not  requind 
renewal. 

t  Shifted  to  replace  No.  5^,  and  therefore  called  No.  5^. 

N.B. — Lamps  Nos.  1'  and  3'  were  measured  by  Mr.  Gilchriet  and  astf  ii 
the  cabin  at  foot  of  6haft,  and  gave  6*25  and  6*5  candles  reepectiTely.  Tbi 
others  in  the  mine  were  apparently  about  the  same  power.  I.  got^^ 
above  from  Mr.  Gilchrist,  manacer  of  Eamock  Colliery,  who  repotted  it  tP 
the  Mining  Institute  of  Scotland. 


Si> 


TATLiy  JH^CammmfV. 


?- 


Ang.  nth 
I         Aiig.29c2i 

>  Oct.30di 

Aug.  Uth 
'        :<ept.  7th 

Aug.  nth 

Sept  7tli 

(         Oct.  10th 
^         Oct  34th 

Aug.  nth 

>  Sept.  7th 

>  Oct.  12th 

Aug.  11th 
»    ;     SepL  7th 

'    I    Aug.  nth 


luoe  If 


Aug.  nth 
Sept  29th 
Nov.  26th 

Sept  aOth 


lid.  IPa. 


Oct.  lOlh 
Oct  24th 


.Sept  7th 
Oct  nth 


.Sept  7th 


Sept  26th 
Nov.  26th 


IT  twins 
Lciii 


9s£I2  bitted 

Cjat)»:c  iffx^e 

to 


Stm  lighted 


IHttD 

Still  lighted 

Carbon  broke 
StiU  lighted 

StiU  lighted 

Broke  by  accident 
Carbcn  broke 
Still  lighted 

Still  lighted 


43IP       O0i 


5IMk       5W 


2» 


40» 


M)l> 


290 
.V10 

2*1^ 
SOI)"     800 

1(M0     1010 
500 

110  I   no 

MK)  !    600 


IN   MEMORIAM.  — DAVID   FOULIS. 


[Read  before  the  Society,  16th  November,  1881.  | 


tems  fitting  that  there  should  be  a  pennuncnt  r(*ouitl  of  i\u* 
ind  life-work  of  David  Foulis,  a  Member  of  thift  Bocioty,  whoMr 
'  death  we  now  deplore,  and  I  have  therefore  ait4Ytii|)io(l  in  ii 
sentences  to  state  the  chief  facts  of  his  Kliort,  atidf  iti  tunny 
MtBy  remarkable  career. 


hi  September  7th,  from  tome  unknown  canse,  five  lampH  Kav«  way 
5>»  lis  12%  13S  14<-^marked  thiu  :. 
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David  Foulis  was  bom  on  the  13th  of  November,  1846.  After 
the  usual  prelimuiary  education,  he  began  the  study  of  medicine 
at  the  University  of  Glasgow  in  1862.  In  1864  he  was  induced 
to  go  to  India  as  a  tea  planter,  and  his  medical  studies  were 
interrupted,  so  far  as  academical  teaching  went,  till  1871,  when 
he  returned  and  i-esumed  attendance  at  classes;  but  it  was  charac- 
teristic of  the  bent  of  his  mind  that  even  in  India  he  never 
relinquished  the  desire  to  study  medicine,  and  whilst  there  took 
(ivery  opportunity  of  studying  cholera  and  the  common  diseases 
occurring  in  that  climate.  In  1873  he  graduated  as  Bachelor 
of  Medicine  at  the  University  of  Glasgow  with  highest  commen- 
dation, having  spent  the  summer  session  of  that  year  at  the 
University  of  Edinburgh.  The  following  year,  1874,  was  spent 
at  the  medical  schools  of  Leipsig  and  Vienna,  where  he  devoted 
special  attention  to  pathology  and  surgery.  In  1875  he  became 
house  physician  in  the  wards  of  the  Royal  Infirmary,  under  the 
care  of  Dr.  Gairdner,  and  house-surgeon  in  the  Western  Infirmary 
under  Dr.  George  Buchanan,  and  he  was  then  appointed  Patho-— 
logist  to  the  Boyal  Infirmaiy,  and  curator  of  its  pathological^ 
museum.  Shortly  afterwards  he  became  lecturer  on  pathology^ 
in  the  Royal  Infirmary  school  of  medicine,  and  he  was  soon^ 
elected  one  of  the  dispensary  surgeons  of  that  institution. 

Whilst  acting  in  these  various  capacities  his  mind  was  con- 
stantly directed  towards  the  advancement  of  professional  know-  - 
ledge,  more  especially  in  the  departments  of  pathology  and  surgery  — 
and  from  time  to  time  he  msuie  substantial  contributions  t^^ 
medical  science.  I  find  he  wrote  no  fewer  than  50  separate  papw"":^ 
for  various  Journals. 

Ho  took  an  active  interest  in  the  Clinical  and  Pathologies*/ 
Society  of  Glasgow,  as  is  shown  by  the  following  extract  from  its 
Minutes,  which  has  been  sent  to  me  by  its  Secretary,  Dr.  Finlay- 
son  : — '-Dr.  David  Foulis  made  his  first  communication  to  the 
Society  in  January,    1875,  and   was  elected  a  Member  in  the 
following  month.     This  was  before  he  became  Pathologist  to  the 
Royal  Infirmary. 

"  Since  then  he  made  many  contributions  to  the  ^rofMOcKww 
of  the  Society,  numbering  about  40  in  his  own  name.  Not  » 
few  of  these  were  communications  of  great  value  and  importancei 
and  amongst  them  may  be  mentioned  his  case  of  Extiipation  of 
the  Larynx,  which  was  first  brought  under  the  notice  of  the  pro- 
fession at  this  Society  on  November  13th,  1877,  when  it 


d  specimens  for  various  meml)ers  of  the  profession  both  heir 
t  a  distance;  and,  besides  all  tliis,  very  few  six'ciinenM  of 
st  were  shown  by  members  connected  with  the  Itoyal  Infir 
ivhich  were  not  so  fiir  prepared  for  exhibition  by  his  |>n•vi(»ll^ 
nation."  Such  is  the  testimony  of  the  society  in  wliicli  hr 
.  most  active  interest. 

Pathologist  to  the  Boyal  Infirmary,  he  was  indefatigable  in 
ischarge  of  his  arduous  duties.  In  particular,  he  ilavoU'tl 
time  and  skill  to  enriching  its  nnis<;uni  with  hiindreilM  of 
ogical  preparations,  which  will  Ih*  of  um;  in  tlif;  tmininif  of 

generations  of  medical  men.  A  clear  and  pn^:i>t«;  h|H*fik<'f', 
same  an  admirable  teacher,  and  he  h^ld  the  utUmiion  of  Um 
its  not  merely  by  the  charm  of  his  styJ'r,  but  by  tJi<:  ttubtji' 
loe  exercised  by  a  teacher  who  sfx^kx  witb  ttuiUorhy  ot 
he  himself  has  seen  or  Lavesti£!ati,'<J. 

\y  devoting  himself  to  the  sfj'X'ial  Htudy  of  i\ly/;n^^'A  of  lb' 
>,  Dr.  Foulis  made  many  contrxbutv/ri*  Uf  tb<;  i^uryit-ty  //f  fj^'^ 
,  and  more  especially  he  twvoh  hant^a^ii-iAy  r*thoy*-^l  »b'  i  nht*- 
c,  and  on  two  oocasions  be  t*iu^f\^i  otAy  -<•  \tf/t\%tnt  of  <> 

was  also  adapted  Uj  the  Bntt  fA  u.^it^:  *a^<  ht,  ^tuU*  tu\ 
^ment  (constructed  from  %  r.vy^-.  ';^<ijr/>yi    .,  ht    It  fth*. 
member  of  this  SocifSftr;,  ^jtJ,jiTl:,'j  *A  *.  ^r,tA\.t.'/  /'*yi^  h/ 

voice  could  still  1*  prr>iv*rj^     Tl^^-,   'jf,,,.^'.'.  ^/f^f^uot^r 
ted  great  attendon  rxAki  *x  ujczj'.  ^v;  k-jf/v*    <  r^*  \,  .**a  \h 
\  in  the  first  rank  a>,  ^z.  *Afsnff^x  'x,  \c^,  '^>>'  /  *A   /v.// 
an  operator,  he  vml'xl^  ifrswj^9»;c.^i'  *r^,   ^r,         '///•>,  ., 
»  object  in  lie V.  Lit  xm  'jbj^:  v^-.va/j*?^^  '/  ^  ■-'/rf ,//,;//    ,,,i|, 
toladTe  dexteritT  vi.>r.  w«p*  ..jr-*ji  v,   .*>/     /,  .--.//y  ...       /. 

ons  of  Ins  iCKS^sib.  ^tsjr.    •«a«j4^.    -v     »  tut-^./^ 
:  the  chief  UKiMeifxs^  'JL  xwj^^&i^*.  tu»/,-.^:A<>      /  - 


vf  £icto  bouic-z  'ul  ^iu^ 
kftUe  at  a  ^me  «tbt  wxw^^ 


nii*,!^-**; 


4  4 


328  Philoaophical  Society  of  OUugow, 

Htrongly  developed  of  seeing  things  as  they  are,  and  not  as  sur- 
rounded by  the  glamour  of  preconceived  theory  and  opinion.  To 
him  accuracy  of  statement  and  clearness  of  reasoning  were  of  the 
highest  importance,  and  there  can  be  no  doubt  that  to  these  quali- 
ties must  l^e  attributed  much  of  the  professional  success  he  obtained 
during  a  short  lifetime. 

Strange  that  a  life  so  valuable  to  humanity  should  be  cut  off 
even  before  its  prime!  In  the  midst  of  his  work,  and  whilst 
engaged  in  his  professional  duties,  he  was  attacked  by  diphtheria, 
infection  having  been  acquii'ed  during  the  performance  of  tracheo- 
tomy on  two  children  who  suffered  from  this  terrible  disease. 

Dr.   Foulis  had  the  first  feeling  of  illness  on   Sunday,   24th 
October,  but  persisted  in  his  work,   making  a  post-mortem  ex- 
amination iiven  on   the   afternoon   of  that  day.      On   Monday 
<;vening  ho  was  so  unwell  as  to  require  to  take  to  bed,  and,  though     ^ 
no  better  on  Tuesday,  he  insisted  on  doing  his  work,  and 
Wednesday  he  got  out  of  bed  to  pay  an  urgent  visit     His  throai 
on  Tuesday  was  ulcerated,  and  on  Wednesday  became  distinctl; 
4liphtheritic.      From   Wednesday   evening  the   illness   was 
nounced,  but  not  seemingly  very  severe  till   Sunday  momingac 
from    which  time  he  quickly  sank,  and  died  on   Monday,  31 
Octol>er,  1881,  al)Out  five  p.m.,  before  completing  his  35th  year. 

Such  is  a  l)rief  record  of  the  life  of  David  Foulis.      Of 
private  character  it  may  be  said  that  modesty,  self-possession, 
an  affectionate  and  considerate  nature,  won  for  him  ihe  esteem 
a  wide  circle  of  friends.      It  would  be  out  of  place  to  write  on( 
word  more  on  this  aspect  of  his  life.     His  memory  is  enshrined  i 
the  hearts  of  those  who  loved  him  most  because  they  knew  hii 
best,  and  all  wo  can  offer  to  them  is  our  deepest  sympathy  ano^-  ^ 
this  feoble  testimony  to  his  honourable  and  useful  life.     By  hi 
oarly  nimoval  the  members  of  his  own  profession,  not  merely  i 
(rlasgow  but  throughout  the  kingdom,  feel  that  they  have 
a  groat  loss.      Had  he  liv(^d,  no  one  can  tell  what  benefits 
humanity  might  have  been  conferred  by  a  mind  so  keen 
enthusiastic  and  a  hand  so  dext^^rous;  but  even  in  his  short 
he  did  much,  and  he  has  left  a  bright  example  of  wliat  devotioo 
to  duty,  untiring  perseverance,  and  noble  qualities  of  perwo** 
eharact<»r  may  bo  abhi  to  accomi)liRh.* 

*  Written  by  John  G.    M'Kendrick,   Professor  of  Pbynokgy  in  ti* 
University  of  Glasgow,  and  Secretary  of  the  Society. 


Dr.  Rcsbkll  am  Oc  i>ecade  im  ISri^SO  in  O'ioiyiMP.    3^1» 


II.— !%«  Decade  1871-80  in  Glasgow^A  SaniU%r^  Hptnmfm^, 
By  James R  Russeix,  RA.,  M.D.,  Medical  Oflim^r  of  IlimUli. 
Glasgow. 


[Read  to  the  Society  on  90th  Noyerolwr,  1  AHl . ) 


The  ^LCts  ascertained  at  a  census  of  the  jiopulAtiou  Iiavh  h  ilii'int 
fold  importance.  They  determine  the  statiMtif^  of  thu  ifilMil'liniiU 
at  the  date  of  the  census ;  they  furnish  rUu  for  ihn  rnvininii  nt 
the  estimates  made  from  year  to  year  during  ih$^  U'U  ytmrtt  wUUU 
have  elapsed  since  the  census  precerlin^ ;  Mui  th^y  fiirnUh  #l»l# 
for  the  estimates  which  will  fall  to  >ia  riia/J/;  frfrtu  ym^  Ut  fn49>§ 
daring  the  ten  years  which  will  elU^m  \>tdffrH  th^  ttttnl  trtm$h^rfi$^i}ft$i 
The  retrospective  study  of  the  e^msmn  /Uu  ih  h^aI  UhiMffUttif 
because  their  proqiective  Mp^Akattir^  U  i/i  t*:t»Uhy  tt/AUthf^  hf*tit. 
than  the  aasumpdon  that  tlM;  yt^^'Mu^*  »»il;  f/#  U*^.  tt*^u^K. 
advance  upon  the  lin^i  it  hdM  friil/yw^l  rr»  n^«#:  ^<*«#,.  'iu.  Uh.hi. 
motive  of  my  present  paper  is  tt/A  M^^Mry  v^  A/^i^u^^^^/4/jttjc  ^>.#i^a 
interesting  infonnation  nspuAi:^  ^Jv^,  «'/»mu.  «^)  m^,>#4^/  ieAi*A«^.»^^ 
of  the  City  of  GlaA^jiyw,  dt^tnivt  l^^^m.  *  4r.ivi7  ^4  u-<  ^^/^i^K  AXfUt-W; 

but  to  show    roa  thtllft  n&M  aMlVjll!|^aiVtt.    Aitot-    4K    ^'^^^^'Ii*    %luv  /UkuA^ 

ISTl-MinGhMtPiWypwrtrt  v*  iv^  ^aTAi^.w/  •^"••^  ***^  '-^^  —  *»'*'**'^, 
a  deoenaial  ckiuhm  n  a'^.^trt/  .'AttitdL*A«mf.  >»i^  ic>  ^MKuc  l^«i  t.  vjumaa 
estimate  of  the  T^mc  ^isu*  ^uv^-wumfu  \^  t^  ^f «:»'.  v.^uoutvAUi^^  v/.4U. 
Dmnity.  Is  wmiii  hi^  jwr  m  "^uMnuivi*  w  >h.^i^u«<  x  Mu.«^>.yi*Vi 
the  wca&v  ist  am;  t'*:^'.*  w  t:it  «*l  iv  if^'hu  ia.c  u^^uu  ^.viu. 
tsak«»n  is;  'Tim  un^jc^mti^  ^^^^^  *^^^  ^  «<^'>  /  *'^'  ^  ^-^ 
yon  lau  •AtitniiMt  ^^i^  1''^  «^(  liu^'u  v^  ^iwur^^k  k»'4uu(. 
in.  a  4ammiuuR«  .l**'iiri'  v*  vi*(a  <%iiC>  uuukiut4.v( .  liuu  lu  ovu* 

ten  veac&.     Tim  ^intn*    mt«t    bi.   u*.   vuuaiiiuL«u*>.'i    i*!.^    •  aiioiiM.    u 
iher^ef^  maiat  .m  *1uf^*^  trK^^ili*.  i*AM>iu^  u  i*. 
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The  cardinal  fact,  to  the  determination  of  which  the  enumera- 
tion of  the  population  at  each  census  must  be  applied,  is  the  rate 
of  growth  of  the  jwpulation  between  one  census  and  another. 

In  order  to  obtain  a  trustworthy  estimate  of  the  growth  of  a 
population,  we  must  first  dttermine  accuinitely  the  area  of  the 
earth's  surface  upon  which  they  live.    This  anja  must  always  be  the 
same.     The  history  of  the  development  of  Glasgow  is  peculiarly 
difiicult   to  trace   correctly,   because  of  the   confusion   of  boun- 
daries.    The  area  which  is  designated  Glasgow  is  not  always  the  - 
same.     There  is  Parliiimentary  Glasgow  and  Burghal  Glasgow,             « 
and  there  are  the  Suburbs  of  Glasgow.     The  Burghal  Glasgow  of           31 
one  census  is  not  that  of  another,  and  the  Registration  Burgh  of        "^'f 
Glasgow  has  not  always  embraced  the  whole  actual  Burgh.     The        ^^^c 
Suburbs  of  one  census  are  not  the  Suburbs  of  another,  partly  from 
the  inclusion  within  Glasgow  proper  of  districts  previously  treated 
as  Suburbs,  and  partly  from  districts  furth(jr  afield  being,  by  the      ^^Mi 
compilers  of  successive  enumerations,  embraced  within  what  they       "^J^ 
please  to  call  Suburbs.     These  puzzling  variations  have  been  dis- 
cussed and  explained  by  the  present  City  Chamberlain   in  his 
Report  upon  the  Statistics  of  Glasgow  for  18C8,  pp.  43-45. 

The  boundary  of  Glasgow  which  has  been  longest  without 
change  is  the  Parliamentary,  fixed  by  the  Reform  Act  of  1832, 
and  to  this  day  absolutely  unaltered.  In  1846  the  Municipal  f 
boundary  was  made  co-extensive  with  the  Parliamentary ;  but,  by  "^<1^ 
the  Municipal  Extension  Acts  of  1872  and  1878,  about  1,048  ^  ^\ 
acres,  with  the  population  thei*eon,  have  been  added  to  the  Muni- 
cipality, so  that  to  that  extent  the  Municipal  goes  beyond  the 
Parliamentary  area,  and  embraces  6,111  acres.  It  followa,  there- 
fore, that  to  trace  the  development  of  the  population  within  either 
Parliamentary  or  Municipal  Glasgow,  as  defined  in  1881,  it  wofild 
be  necessary  to  determine  at  each  Government  Census,  back  to 
the  first  in  1801,  the  population  living  on  the  present  superficieB  of 
those  areas — an  almost  impossible  task.  The  Scotch  Registration 
Act  came  into  force  on  1st  January,  1855,  and  the  Parliamentary 
l>oundary  was  the  limit  of  the  Registration  area  of  Glasgow  until 
1st  January,  1875,  when  it  was  entirely  clianged,  both  by  a  new 
subdivision  of  the  area  within  the  City  (including,  for  the  first 
time,  for  Registration  puri)0ses,  the  |x>rtions  added  to  the  Muni- 
cipality in  1872),  and  also  by  extension,  so  as  to  embrace,  under 
the  designation  '^  Landward,''  certain  suburban  disiriots — thus 
still  further  complicating  and  adding  to  the  risks  of  atatistual 
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fmlUcifK  in  any   ■tli.iiijn  to  usop  nbf-  derelofmiBiii  cf  liBC-  oom- 
mnnitr. 

In  1875,  viiexi  tius  'naimsigssuisLi  of  um-  B<£2sa«ckm  sat*- 
divisions  of  Glai^gOT  ^«:u  made.  il»e  R^Jsaxr-GtsifsaiL  vixik  i2ir 
materials  to  which  he  alosK*  has  aooesa.  w^BlX  tttc^  i^ion  the  oeasns 
records  of  1861  and  1S71.  and  desemmxid  ihe  pn>«nl«'fc^f»  vishin 
the  same  hoandanes,  so  that  w  hare  the  f  oOoirizig  snooeaEiosi  of 
strictlj  compazaUe  popglarinrtf  : — 


186L  ...  404,314  ...  5,»7  .  409,921 
1871,  ...  491.S4<  ...  1€,474  ...  50S,3f» 
1881,       ...      51L5?«.»     ...     5&,121     .  .     550.^1 

Hie  "  Ijuidward  '  pordonB  of  the  Regis£nuion  anm  g€  Glasgow 
embrace  so  much  of  the  present  ^  sabmie "  of  Glaifgov  as  arr 
known  by  the  designations  of  the  Bnrgbs  of  KrnTiing  Pazk  and 
GovanhilU  the  two  Bnr^ghs  of  PoUokshields.  the  districts  of  Strath- 
bango  and  Polmadie,  and  an  extenare  area  stretching  eastwards 
along  Combematild  Road,  and  north  of  Springbom.  This  obri- 
OQsly  leaves  oat  large  and  fwpaJoiK  sabmban  areas,  bat  it  gives 
us  a  strictly  correct  basis  of  ccMnparison  so  ftr  as  it  goes,  and 
shows  the  development  of  what  the  Regi'-trar-General  has  oonsti- 
tated  the  Registration  area  of  Glasgow. 


Bargfea]  Iulicuc. 
No.      Pierccct. 

LavSrad  laocue. 
So.       Pcrccci. 

Total  lacTEMT. 
So.        Per  cea: 

186171,      . 

87,532    21-66 

10,S67     193-S     .. 

.    98,399    24-00 

1871-81, 

19,674       4-00     . 

.      22,647     137-4 

42,321      8.« 

These  figares  speak  for  themselves  They  show  that,  even 
including  so  much  of  the  sabnrbs  of  Glasgow  as  are  compriseil 
within  the  Registration  area,  the  development  during  last  decado 
is  only  one-third  of  the  development  daring  the  decade  preceding, 
while  within  the  Burgh  proper  it  did  not  amount  to  one-fifth. 

But  we  may  obtain  a  sufficiently  correct  and  comparable  obsei^ 
vation  of  the  development  of  Glasgow,  with  all  tbe  more  important 
saburbfi.  At  i».  69  of  the  City  Chamberlain's  Report  for  1880 
there  is  a  statement  of  the  increase  of  the  "  city  ami  suburbs " 
between  1871  and  1881.  At  p.  89  of  his  Report  on  the  Census 
of  1871  we  find  a  statement  of  the  increase  of  "  Glasgow  and  its 
saburbs''  between  1861  and  1871 ;  but  Rutberglen,  Pollokshaws, 


*  It  mutt  be  carefully  noted  that  the  population  here  calUd  Barghal  in 
1861  and  1871  is  not  the  real  Barghal  population  of  thoae  years,  but  tho 
population  on  the  area  which  ia  Burghal  in  1881. 
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Gathcart,  Crossbill,  Mount  Florida,  Langside,  and  Crossmyloof 
are  included  in  the  former  statement  and  not  in  tbe  latter.  It  iB 
scarcely  justifiable  to  include  eitber  Rutberglen  or  Polloksbaws. 
Therefore,  excluding  these  from  1881,  and  adding  the  Registration 
District  of  Catbcart,  which  embraces  Crossbill,  Mount  Florida, 
Ac,  to  1861  and  1871,  we  get  tbe  following  view  of  the  recent 
development  of  everything  that  can  fairly  be  called  Glasgow  and 
its  suburbs  : — 

Popalation.  Incre«ac.  Bate  of  Increaae. 

1861,                      450,174  ...             —  ...           — 

1871,          ...         573,381  ...  123,207  ...        27-36 

1881,          ...         681,222  ..  107,841  ...        18'80 

These  figures  show  that  Glasgow,  as  a  community,  throwing 
aside  aU  artificial  subdivisions,  diminished  its  growth  during  the 
last,  as  compared  with  the  former  decade,  by  a  third.  If,  now,  we 
divide  this  community  into  two  parts — one  Burghal,  in  the  sense 
described  above — viz.,  the  population  on  the  Burghal  area  of  1881, 
and  the  other  Suburban — we  get  an  interesting  and  important 
observation  of  the  rate  of  development  of  these  populations 
on  areas  which  are  exactly  the  same  at  each  enumeitition,  the  on< 
being  urban  and  centric,  the  other  suburban  and  eccentric. 


BurRtaal. 

SaborbaiL 

TotaL 

1861, 

404,314 

45,860 

460.174 

1871, 

491,846 

81,535 

573,381 

1881, 

511,520 

169,702 

681,222 

Increase — 

• 

1861-71, 

87,532 

35,675 

123.207 

1871-81, 

19,674 

88,167 

107.841 

or  21  '65  per  cent 

77*79  per  cent 

27'36peroaitw 

400      do. 

108-13      do. 

18*80      do. 

These  figures,  looked  at  as  they  stand,  seem  to  show  that  th< 
falling-off  in  the  rate  of  development  of  Glasgow,  as  defined  by 
municipal  boundary,   arose,  at  anyrate  in  great  part,  finom 
emigration  of  her  population  to  the  suburbs.     The  suburban 
was  88,167  in  the  ten   years  1871-81,   the  urban   only  19,674. 
Still  the  rate  of  growth  of  the  entire  community  was  8^  per  cent 
less  in  the  last  decade  than  in  the  preceding ;  and  if  the  subor 
added  108  per  cent,  to  their  population  in  the  face  of  the  adversity" 
of  the  times,  we  can  hardly  set  limits  to  their  possible  increase  had 
the  times  been  prosperous. 

We  find,  then,  that  instead  of  growing  at  the  rate  of  21  *6  per 
cent.  Municipal  Glasgow  only  grew  4  per  cent,  between  1871  and 
1881.     How  did  the  other  large  towns  in  the  kingdom  £aiet    The 
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practicil  iiapaitKioe  of  tke  aosws  go  dbis  ^noMana  will  b*  bsc 
aliown  bj  dR«Kiig  not  wish,  die  eompazscxvii  ijrawtifc  m.  c&#  cw^ 
dflCBnnkl  periods  1861-71  soii  IdTl-SL,  htcc  wick  d^  csdmnfiiaiv 
baaed  opoQ  these  das%.  of  tJae  popnlaaonT  :u  c&i>7'  w>Hre  m.  mmt  sp  t» 
the  Imst  mwn1^  as  coospAnsii  wick  tme  accnal  popaLfeoaa  umbv- 
tuned  at  the  eennm.  GJcoIsfim^  eke  ^JaSxtKoeik  «f  a  piepsenfiige 
upon  the  tme  popaladaOr  wi»  itsd  tiufi  hi  ciie  Sfsocck  town*  Urn 
true  popukooci  was — ia  GieauKkr  fixllj  L?  per  eezti.  £e«;  m 
Gkagow,  17i  per  centL  lem;  ul  Dszuieev  iaHj  li  per  eeotL  ter  : 
in  Edinbor^  2  per  eeot.  lem;  wkile  im  Pao^  cs  waa  l^  per  cant. 
more;  in  Perth,  10^  per  cent,  waan;  im  Lecck.  oearir  3  per  cetu. 
more;  and  in  Aberdeen  aLoBe  peaetieaiH' 
going  into  the  same  decafl  wiih  rtpud  v» 
townSy  it  maj  be  saki  ikai  in  twdre  ihe  trae  popoJatioQ 
found  to  be  lem  bj  amovnta  ranginz  frrjoi  lOi  per  onttL  in  the 
of  Bradford  and  91  pereenL  in  the  caK  <]£  ^oeffieid.  u>  1^  per  cem. 
in  the  case  of  PlTmooth:  while  in  £Te  it  was  wmort  br  mnch 
smaller  amoantBy  ind lading  LioBdoo,  with  the  lar^gest  excess  abore 
the  fatimarM  popnladon — fnllj  3  per  cent.  In  the  case  of  the 
remaining  three  towns — viz.,  SaHord,  Oldham,  and  Xottangjkun — 
the  diTergenoe  had  become  so  apparent  in  the  coarse  of  the  ten 
years  that  the  V.nghmh  BegLstzar-General  had  been  persuaded 
by  local  representations  to  modifr  his  eetimaies  from  local  in- 
formation,  but  with  no  better  result,  for  the  t«'o  former  towns 
were  fbond  to  hare  pc^mlations  respectiTelT  9  and  nearly  7  per 
cent,  lem,  and  the  latter  nearly  G  per  cent,  more  than  the  estimate. 
These  figorea  prore  inoontestably  that  the  rate  of  growth  of 
towns  is  80  Tariable  that  the  rate  of  one  decade  affords  no  pre- 
somption  of  ihe  rate  of  another.  As  a  matter  of  fact,  the  majority 
of  the  Kngjish  towns,  and  the  most  important  of  the  Scotch  Lave^ 
daring  the  decade  1671-80,  fjaJlen  far  short  of  their  development 
in  the  decade  1861-70.  The  following  are  tbe  rates  of  increase  of 
the  ei^t  Scotch  towns  in  tbe  last  two  decades,  arranged  in  the 
Older  of  the  decade  1671-80  :— 


Lecth, 

Abcrdfien, 

Dundee, 

Edmbargh, 

Paialej, 


Perth, 


18714». 

1S61-70 

31-73 

28-87 

19-13 

19-32 

1800 

31-70 

15-48 

17-51 

16-30 

1-76 

15-22 

36*22 

1279 

liO 

4<X) 

21-64 
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Therefore  there  has  been  a  balance  of  loss  by  emigration  beyond 
those  limits  of  8  per  cent. 

The  next  important  fact  which  the  census  furnishes  is  the  average 
number  of  inhabitants  per  occupied  house.  In  my  opinion,  pro- 
vided we  can  from  year  to  year  ascertain  the  number  of  houses  in 
which  the  population  lives,  this  is  moi'e  important  than  the  average 
rate  of  growth.  Except  by  actual  enumeration,  these  two  facts 
furnish  the  only  data  for  estimating  the  population  in  the  years 
intervening  between  one  census  and  another. 

Unfortunately,  the  data  for  the  determination  of  the  inmates 
per  house  have,  until  last  census,  been  haunted  and  deranged  by 
the  importation  into  Scotch  enumeration  of  English  notions  of  the 
definition  of  a  house.  Still,  from  independent  local  eiforts,  trust- 
worthy information  was,  after  1811,  obtained.  In  the  following 
table  I  have  collected  information  as  correctly  as  possible  from  the 
sources  indicated  on  this  and  other  matters  : — 


Authority. 

1. 

1801 

I. 

1811 

I. 

1819 

II. 

1821 

III. 

1831 

1 

i    1841 

IV. 

)  1851 
)  1861 

(  1871 

1881 

Per  Honae 

(with 
Institutions 

and 
Harbour) . 


3*816 
5-742 
4-734 
4*646 
4-866 
5-234 
5222 
4-787 
4*861 
4*801 


Per  HouM 

(without 

Institutiont 

and 
Harbour). 


4*681 


5-050t 
5-050 
4-720 
4-793 
4*738  § 


Rooms 

per 
House. 


Inmates 

per 
Iloom. 


Per  cent. 

Unoccupied 

Houses. 


'I. 


2*283 


2*292:: 
2*307: 
2*342  II 


2-050 


2-088: 
2-104:     il 
2-054 II     - 


3f 
4 

4 
2 


I. — Enameration  of  the  Inhabitants  of  the  City  of  Glasgow.     Dr. 

deland,  1820,  pp.  5  and  6. 
II. — Enameration  of  the  Inhabitants  of  Scotland,  kc     Dr.  Cleland, 

1823,  p.  32. 
III. — Enameration  of  the  Inhabitants  of  the  City  of  Glasgow  and  County 
of  Lanark  for  the  Government  Census  of  1831,  &c.     Dr.  Cleland. 
1832,  p.  209. 
IV. — Watt's,  Strang's,  and  Watson's  respective  Census  Reports. 


•  i« 


For  every  apartment  there  are  two  persons  to  occupy  it." — Note  by 
Dr.  Cleland. 
1 5*15  for  City  and  Subarbs. 
:  Parliamentary  Bargh. 
I  Monicipality. 
I  The  avenge  over  the  whole  R^stration  Area  is  4*76. 
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Beginning  with  Dr.  Cleland's  elaborate  and  careful  special  census 
ill  1819,  we  have  a  succession  of  trustworthy  data.  These  show 
that  the  average  number  of  inmates  per  occupied  house  has  con- 
siderable limits  of  variation.  Excluding  Institutions  and  Harbour, 
the  highest  was  505  in  1841  and  1851,  the  lowest  4*68 in  1819— 
a  range  of  *37.  The  high  average  in  those  two  years  is  not  ex- 
plained by  Dr.  Strang.  Probably  it  arose  from  the  eccentric 
growth  of  the  city,  comprising  the  larger  class  of  houses,  not  being 
yet  projected  beyond  the  bounds.  It  is  at  anyrate  remarkable 
that  the  average  per  house  in  the  suburban  parts  of  the  present 
Registration  area  is  5*082.  Comparing  the  condition  of  the  city 
as  to  house  accommodation,  as  disclosed  by  the  recent  census,  with 
its  condition  at  those  preceding,  we  observe  that  the  number  of 
persons  to  each  house  is  lower  than  in  1871,  but  not  so  low  as  in 
1861 ;  that  the  average  size  of  the  houses  is  slightly  more  conmio- 
dious  now  than  in  1819,  as  regards  the  number  of  rooms,  and 
relatively  to  the  number  of  inmates  per  room  about  the  same. 
Probably  the  fact  which  is  at  the  bottom  of  this  increase  of  house 
room  is  the  last  which  this  table  proves  with  reference  to  accom- 
modation— that  the  number  of  unoccupied  houses  is  about  1 1  per 
cent,  of  the  whole,  nearly  twice  the  proportion  of  which  there  is 
any  record  at  any  period,  the  next  highest  being  5^  in  1821. 
That  this  is  the  explanation  seems  confirmed  by  the  circumstance 
that  in  1871,  when  tlie  projK)rtion  of  empty  houses  was  only  2  per 
cent. — the  lowest  on  record — the  number  of  inmates  per  house  was 
higher  than  at  any  census  since  1851 ;  and  the  number  of  inmates 
per  room  was  the  highest  on  record  Apparently  the  most  general 
expression  of  the  meaning  of  these  figures  is,  that  in  times  of  great 
prosperity  and  mpid  growth  there  is  a  tendency  to  overcrowding 
of  the  house  accommodation,  and  that  one  of  the  effects  of  the 
opposite  condition  of  city  life  is  not  only  to  diminish  the  population 
by  reducing  tlie  householders,  but  to  reduce  the  size  of  the  families 
by  driving  out  lodgers,  and  leading  to  the  emigration  of  adults  in 
search  of  employment.  Therefore,  from  a  sanitary  aspect,  the  con- 
ditions of  health  of  the  remaining  population  are  improved  by  the 
thinning  of  the  inhabitants,  and  the  consequent  increase  of  air 
space. 

We  are,  indeed,  in  possession  of  exact  figures  as  to  the  compani- 
tive  housing  of  the  population  at  different  points  in  the  last 
decade,  so  far  as  this  can  be  estimated  by  the  number  of  i^Mii- 
ments  per  house.     The  following  statement  shows  the 
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of  the  total  houses  (occupied  and  unoccupied)  in  the  city  in  1873 
(the  earliest  year  for  which  I  have  the  information)  and  in  1880  : — 

1  Apt.  2  Apta.  8  Apt8.  4  Apts.    5  Apto.  A  up.      Total. 

1873, .35,037        45,828        14,090       5,521        6,361        10.6837 

1880, 35,843       52,693        17,746       6,623        6,223        119,128 

^^H^^i^^H^H^V  ^a^^t^a^i^m^^^^  ^^mmm^^mt^^m^m  » ^^^—         -  ■  ^^^m^^^^,^  s  ^■^^^■^^■mmh^ 

Diflference, +806       +6,865      +3,656     +1,102        -130      +12,291 

or  2-37,      or  157,      or  267,    or  207,    or  217, 

Percentage,  1873, 32-80         42*90         1319         5*16         5*95 
Do.,       1880,3008  44*23  14*88  5*56         5*22 

Difference, -2*72         +1*33        +6*69       +0*40      -0*73 

So  that  Glasgow,  while  still  and  increasingly  a  city  of  small 
houses  (no  less  than  75*7  per  cent,  being  houses  of  1  and  2  apart- 
ments in  1880,  against  74*3  per  cent,  in  1873),  has  a  smaller 
proportion  of  single  apartment  houses  and  a  larger  proportion  of 
houses  of  2  and  3  apartments  than  in  1873.  The  number  of 
houses  of  5  apartments  and  upwards  bears  such  a  small  proportion 
to  the  whole  that^  although  they  are  now  absolutely  less  by  fully 
2  per  cent,  than  in  1873,  the  average  shows  an  improvement  in 
this  important  matter  of  house  room.  The  great  central  difference 
between  the  forecast  of  the  decade  and  the  retrospect,  involved 
within  which  and  surrounding  which  are  many  subordinate  differ- 
ences, is  this — that  in  place  of  adding  to  our  population  at  the 
rate  of  nearly  22  per  cent.,  as  we  did  in  the  decade  preceding,  we 
have  added  only  4  per  cent.  So  expressed,  this  is  like  the  annual 
balance  of  a  merchant's  books.  The  balance  shows  a  profit  or  a 
loss  of  so  much  on  the  year,  but  the  few  figures  which  give  the 
amount  on  one  side  or  the  other  represent  the  outcome  of  a  multi- 
tude of  transactions  spread  over  the  year.  Had  the  balance  been 
taken  month  by  month  one  would  have  shown  a  profit,  another  a 
loss,  or  perhaps  an  increasing  profit  or  an  increasing  loss.  As  the 
growth  or  decline  of  a  city  is  in  its  ultimate  nature  a  vital  process, 
a  truer  analogy  will  be  found  in  some  essentially  vital  pheno- 
menon, such  as  the  growth  of  a  child  into  the  adult.  This  is 
measured  by  stature  and  weight ;  but  when  we  say  the  average 
gain  in  weight  or  in  height  in  a  year  is  so  much,  we  express  the 
process  of  nature  in  the  form  of  an  arithmetical  fiction.  The 
process  of  nature  is  gradual  always  in  health,  subject  to  the  ab- 
normal interferences  of  disease,  sufficient  or  insufficient  nutrition, 
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«l:c.,  kc.  No  acute  angle  iu  i*eality  marks  the  passage  &om 
one  period  to  another.  So  it  undoubtedly  is  with  a  city.  The 
method  adopted  by  the  Registrar-General  is  to  assume  that  on 
the  Ist  January,  1871,  Glasgow  suddenly  ceased  to  develop  at  the 
rate  of  2165  (-Vv*^)  ^^^  he^m  to  develop  at  the  rate  of  '4  (^) 
annually.  He  will  therefore  sweep  aside  all  the  calculations  as 
to  death,  birth,  and  maniage  rates,  which  he  has  published  on 
the  assumption  that  the  rate  of  growth  continued  into  last  decade 
at  2*165  per  aimuni,  and  substitute  calculations  based  on  the 
assumption  that  the  rate  suddenly  became  *4.  But  more  than 
this,  he  will,  until  next  Census  is  taken,  calculate  all  his  rates 
upon  the  assumption  that  the  slow  rate  of  growth  continues. 
Both  of  these  assumptions  are  alike  contrary  to  the  natural  proba- 
bilities of  the  case.  What  I  now  propose  to  do  is  to  endeavour  to 
raise  those  probabilities  to  the  position  of  certainties,  by  collecting 
such  facts  as  are  accessible  in  proof  of  the  gradual  nature  of  the 
declension  of  our  rate  of  growth.  Some  of  these  facts  are  simple 
matters  of  local  and  national  history.  The  decade  began  in  the 
heyday  of  commercial  prosperity.  It  led  us  year  by  year  into 
the  depths  of  impi*ecedented  depression,  and  left  us  in  sight  of 
a  revival  of  tirade.  The  failure  of  the  City  of  Glasgow  Bank  in 
the  autumn  of  1878  added  local  intensity  to  a  condition  which 
previously  we  had  simply  shared  with  the  countiy  generally.  The 
winter  of  1878-79  was  probably  the  gloomiest  which  the  City  had 
ever  seen,  and  fraught  with  moi'e  anxiety  to  its  toilers.  A  gigantic 
organization  for  the  relief  of  the  unemployed  was  in  operation,  and 
ixjnewed  on  a  smaller  scale  in  the  winter  ensuing.  In  1878-79 
nearly  14,000  applications  for  relief  were  received  &om  persons 
whose  dependants  numbered  26,500  souls.  Above  X26,000  were 
expended  in  food  and  wages  for  test-work.  Other  facts,  which 
give  us  evidences  of  the  gradual  declension  of  the  City,  are  capable 
of  statistical  expression  from  year  to  year;  and  the  chief  of  those, 
such  as  fall  specially  within  the  sphere  of  my  observation,  are 
collected  in  the  following  table : — 
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The  number  of  occapied  houses  entered  on  the  Assessor's  roll 
I  June  of  each  year  increased  by  diminishing  increments  to  their 
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maximum  in  1877.     They  then  fell  until,  in  1880,  there  were 

3,476  less  than  in  1877,  892  less  than  in  1874,  and  only  5,138 

more  than  in  1871.     The  largest  increment  was  2,295  in  1874, 

the  largest  decrease  2,047  in  1879.      There  was,  as  we  have 

already  seen,  not  only  a  diminution  in  the  number  of  houses 

occupied,  but  also  in  the  number  of  inmates  in  each  house,  both 

as  tested  by  the  inmates  per  house  and  per  room  in  the  house. 

The  number  of  unoccupied  houses  increased,  year  by  year,  from 

2,154  in  1871   to  13,407  in  1880,  from  2  percent  of  the  total 

house  accommodation  to  1 1  per  cent.     The  records  of  the  Dean  of 

Guild   Court    show   a  remarkable    activity   in   the   building  of^ 

dwelling-houses,  culminating  in  1876,  when  plans  for  no  less  than 

7,108  were  submitted  and  sanctioned.     From  that  year  they  fell 

off  by  "leaps  and  bounds"   to  398  in  1880!      The  number  ol 

marriages  in  a  community  is  a  true  indication  of  its  well-being,  oi 

the  reverse.     The  figures  given  above  are  taken  from  the  retumss^  -^ 

of  the  Registrar-General,  who  only  embraced  the  whole  munici — ^^^ 

pality  in  1875.     Previous  to  1st  January  of  that  year  those 

of  Glasgow  north  of  the  Canal  were  not  included.     This  mak< 

the  fact  that  in  1871  there  were  4,617  marriages,  and  in  1879,^  ^^^j 

within  an  extended  area,  only  4,180,  more  expressive  than 

from  the  figures  without  this  explanation.     Still  more  ex] 

is  the  fact  that  the  maximum  was  recorded  in   1872,  or 

years  befoi-e  the  extension  of  the  Registration  area.     The  leBsei 

area  then  produced  941  more  marriages  than  the  greater  aineaii 

1879  !     The  column  headed  BiiiJis  represents  the  product  of 

area  which  was  vciy  slightly  increased  in  1872  and 

slightly  that  the  increase  is  practically  of  no  moment     We 

that  we  end  the  decade  with  a  birth-product  of  334  less  than  we  haf^^^^ 

in  its  first  year.     The  maximum  was  attained  in  1877,  the  mini— - 

mum  in  1880.     The  last  columns  in  the  table  are  supplied  by  Mr.^' 

Campbell,  City  Assessor,  who  has  spared  no  trouble  in  ren< 

assistance  in  extending  and  verifying  my  facts.     They  show  iht^^  ^ 

number  of  householders  under  XIO,  within  the  burgh,  who  did  vr'^^'^^ 

pay  poor-rates.     The  minimum  was  in  1875,  the  maximum 

1878.     Unfortunately,  I  cannot  ascertain  the  total  number 

occupancies  within  the  burgh,  under  £10,  previous  to  1875, 

that  I  can  only  reduce  the  absolute  numbers  to  comparable 

centages  for  the  last  six  years  of  the  decade  ;  but  this  is  snJBcamt^ 

to  show  that  the  pinch  of  hard  times  fell  upon  those  yean.    Tto 

minimum  of  this  class  of  householders,  who  were  unaUe  to  pi^ 
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poor-rates,  was  28  per  cent  in  1875,  and  the  maximum  38  per 
cent  in  1878. 

Allusion  has  been  made  to  the  remarkable  extent  to  which 
Glasgow  was  reconstructed  during  the  decade  under  review.  This 
reminds  us  of  the  influence  of  the  operations  of  the  Improvement 
Trust  in  disturbing  the  normal  growth  and  distribution  of  the 
community  within  the  municipal  area;  and  so  interfering  with 
the  local  and  general  applicability  of  the  social  data  of  the 
previous  census  during  the  currency  of  the  last  ten  years.  Tlio 
Improvement  Act  was  passed  in  1860,  but  the  proccHs  of  demo- 
lition was  not  begun  until  1870.  The  Act  involved  a  [lopnlation 
of  over  51,000  persons,  occupying  some  10,000  houses.  Tlifiso 
houses  have  now  been  in  great  part  demolished  and  i\mT  in- 
habitants dispersed;  but  reconstruction  has  not  gone  far,  as  is 
evident  from  the  extensive  houseless  tracts  of  ground  awaiting 
feuars.  The  Streets  Improvement  Act  (1873)  nximidfA  i\\tm5 
operations,  and  the  huge  railway  schemes  of  thn  f\(9i:$A(\  havf;  not 
only  effected  the  great  and  beneficial  work  r/f  c1 'raring  out  ihf. 
worst  districts  in  the  very  heart  of  the  City,  bnt  hav«;  f//r  **yt'r 
diverted  from  habitation  enormous  areas  of  th';  wt\nm  ffl  th'^ 
municipality.  Added  to,  and  in  great  part  tyr,m\tf'Mt'A  \fy  thiA^ 
streets  which  formeriy  used  to  be  inliabit/:d  are  tiow  t/,uif*rti/'A 
into  business  premises,  and  the  popnlation  hsA  }/t^^i  Atil]  turtht't 
pressed  out  of  the  municipality.  Th^^rr^,  hav/*  ;^\^,  \^jt^u  ^r<At 
changes  in  the  location  of  the  chi^f  iwluxtrwh  *A  t}i^;  ^'>ty.  Tli^ 
enormous  rise  in  the  value  of  grrmwl  hajt  hAth^^/)  tuk-ttftfA/frttr^'TK 
to  transfer  their  fsciones  and  workah/>|A  U^  tJfji  ^nh-rhf\A,  ^  ^htthifh 
which  is  facilitated  by  the  conrtitii^yn^,  oi  t^ilirs^j  f^/f(uutuf,\^jk.iurtt 
extoided  in  all  direetionsw  01aa(|^/V  hiu  ;wU//  fj-A^-A  ^/,  y^;  a 
centre  of  the  eoiton  mantrfafitQre,  whi/:i«  ha^  f>^-^^  ^IfMMt  k}^^y^/i 
by  Lancashire.  The  developineni;  ^f  wr  <-v«^,>  >fA'»^tfy^  <K»(» 
boilding,  with  its  roggmte  trauiea,  hsiA  crA  iulr>/i  v.  *>*/;  ^/^yiUl^A, 
of  Glasgow  proper,  beet  ha«i  rasher  ^xruf^-A  V^  *Jh^.  A*-i}r^tf>M  fJf*^ 
tiioosaiids  of  oficnttivea  empir^y^  rJr.^itii;.  Taa  y,^tJtt.  iJ^A^U^A 
of  Glasgow  flows  oat  alon^a^  5h^  fAr.k:*  ^j(  nhA  ^/./'J<*;,  */.  ^t-.**'  th^f^. 
is  every  pfosf^ect  of  the  ri-'*r  r^r^o:  ',,rj^:  tft  ,v*  ^l **»•>* /.f.  /!.•/>.  ^Ar* 
tmuoiisly  with  houKa  azkd  -m^-jev^A  ffrxx  f^,-**.  v»  tr.f^^fM^'Aw 

TskiDg  all  these  facta  mw»  ^xxisaAwT^Afx^  /->  m  '^cmm*/  a  wwiAydJk/t^ 
bow  it  oomca  to  pasa  duns,  VAiUt  *Jm  r^j^r^rU.  ^,f  w/  t**^^^  ^A  f^'%k\A 
Oourt  show  SA  enomifjiui  a^^^^r^^^^  ^^  a^*^  ti/^\iu^  ^^/ki>0*jI  /ii»yi*»(|r 
die  deoMle^  tfe  nanhan^  aciiiitiiw  "W  aat  y^i.^i^Ai  Ium  r.#tmv  4#v 


342  Philosophical  Society  of  Glasgow. 

trifling.     The  work  has  been  largely  one  of  substitution  of  houses 
in  other  localities  for  those  swept  away  from  areas  of  the  municipal 
fiolum  which  have  been,  for  the  most  part,  perpetually  devoted  to 
other  purposes  than  those  of  habitation.     The  new  houses  have 
failed  to  attract  the  thousands  who  have  followed  the  works  trsaisr 
ferred  to  the  suburbs,  or  have  settled  alongside  the  shipbuilding 
And  engineeiing  establishments  of  the  lower  reaches  of  the  Clyde. 
Had  the  new  houses  erected  during  the  decade  been  the  natural 
result  of  the  requii-ements  of  a  new  ^x)pulation,  our  growth  would 
indeed  have  been  startling.     Regarded  in  the  true  light  as  superior 
and  more  healthy  houses,  situated  fai*thcr  from  the  dense  centre  of 
the  city,  we  camiot  but  look  with  satisfaction  on  the  following 
facts.     From  the  column  in  a  preceding  table  which  shows  the 
yearly  number  of  houses  in  the  tenements,  the  plans  of  which 
passed  the  Dean  of  Guild  Court,  it  will  be  s^n  that  the  aggr^^ate 
ADiomits  to  33,395  in  the  ten  years.     The  nett  increase  in  the 
number  of  houses,  occupied  and  unoccupied,  is  only  16,390,  so 
the  balance,  or  1 7,000,  represents  the  extent  to  which  this 
has  been  a  mere  work  of  substitution.     These  tiew  houses  alone^^^ 
would  have  accommodated  a  population  of  158,000  souls  !  yet  the 
new  popitlcUion  only  amounted  to  some  20,000,  and  we  have  noi 
A  balance  of  empty  houses  on  hand  su£&cient  to  put  up  more 
three  times  the  numbers  added  to  our  population  during  the 
ten  years.      Of  the  119,000  occupied  and  unoccupied  houaes 
existence  on  4th  Api-il,  1881,  no  less  than  28  per  cent  had 
built  during  the  previous  ten  yeare !     In  fact,  if  we  go  back 
as  the  accessible  information  permits — viz.,  to  1866 — ^we  find  tha<^* 
45,544,  or  38  per  cent,  of  the  houses  now  in  existence,  have 
built  since  that  date.     That  is  to  say,  supposing  on  1st  January^ 
1866,  the  first  stone  of  this  new  Glasgow  had  been  laid,  if  tlu 
population  had  increased  in  proportion,  we  should  now  have  a  cii 
only  13,000  less  than  the  Edinburgh  of  to-day,  and  as  populous 
Glasgow  with  all  its  suburbs  in  1831. 

My  present  concern  with  all  these  facts  is  not  to  estimate  theii 
social  or  even  their  general  sanitary  importance,  but  their 
on  the  census,  and  the  deductions  therefrom,  as  a  baais  for 
vital  statistics  of  the  decade.     It  must  be  admitted  that  no 
complicated  problem  could  be  presented  to  the  statisticiaa  than  !» 
involved  in  an  effort  to  obtain  a  firm  footing  in  the  midst  of  suck 
internal  revolutions.     Still,  the  attempt  must  be  made;   and  it 
«eems  to  me  that  these  facts  point  with  singular  unanimity  to  one 


edhdiisioii — tkhS  tike  4*r»*f**  nuur  b«f  iiviileit  inm  7wn  ptfciiiiitf  if 
five  TBftns  tkc  iist  of  wMcit  w«r?  joan  <}£  prr»p»«ctcj.  t;htf  Iut$s 
jeais  o£  adTefazcj.  Imareiiae  ninre  ar  Leal  moriB  lib*  5jr!xiifr  pisni^ 
decmse  more  or  leas  zh»i  luco^r.  The  dnc  ±vi*  ▼»»»  cuxw  wixh. 
m  incmae  oC  ^^GfZ  mlukbibeil  honaesw  tiie  kksc  tiv«  jtitus  wish  t 
decresse  ci  f,717:  tiie  iiiac  dcwe  wixik  4-']7  per  «n£iLTL  •*mptrr  iuHxsstftfv 
the  last  with  1 1  per  eenz.  £zl  zhtt  tizac  ^mi-Hi  ueflrij  ±L<)4»  oiew 
houses  were  hmhy,  in  die  lasfi  little  nLore  niuia  half  tihac  aixniher. 
At  the  doGe  of  the  Sat  peruxir  there  wer*^  aii«>!i:ap£ied  hAHSii»> 
soffictent  to  secoauaodate  ^^OOO  people:  i£  che  cLose  ^  che 
seocMid,  sufficieiit  for  63«.0OO.  Izi  she  drsc  perio^i  there  werv- 
24,620  marriages,  in  the  aeoxid  period  :il^S2;>  in  a  lair^r  arva. 
In  the  fiist  period  there  were  102^^  b£rtha«  in  che  last  omlv 
101,770.  In  the  first  there  were  I13,52t>  persons  occupTtu^ 
houses  under  JCIO  rental  who  were  unable  to  par  poor^ratiKk  in 
the  second  126,702  in  a  less  popaIatk>n.  In  the  first  peri\.Hl« 
as  a  matter  of  history,  trade  was  certainly  declining,  but  in  the 
second  we  had  the  culminating  crash  of  the  bank  failure  and 
the  clamant  thousands  of  unemployed. 

I  propose,  therefore,  to  estimate  the  po|Hilation  of  tho  first 
period  on  the  basis  of  facts  ascertained  at  the  census  of  1871,  and 
of  the  second  period  on  the  basis  of  facts  ascertained  iit  the  cen»UH 
of  1881.  Whatever  doubts  and  uncertainties  mav  attoud  tlio 
interrening  years,  we  rest  upon  certainty  at  the  l^eginniu^  uud  ut 
the  end.  The  number  of  persons  found  in  each  dvupiinl  houst'  \\\ 
1871  was  4-793,  in  1881  4  138.  It  seems  fair,  theivfon\  to  pn^ 
same  that^  during  the  five  prosiHjrous  years,  tlu»  multiplier  I'TlKi 
may  be  applied  to  the  occupied  houses  of  each  yvai\  uiul  duriu); 
the  five  adverse  years  the  multiplier  of  4738  -  luUling  to  tho  n^Mult 
in  the  former  0,867,  in  the  latter  7,770,  tho  iannl»or  of  poi'NonN 
actually  enumerated  in  institutions  luid  in  tlu*  vohhoIh  in  Urn 
harbour  in  1871  and  in  1881.  The  following,',  tlion,  un^  l\n' 
respective  populations,  deatlis,  births,  douthruU'H,  uml  birth  tiitoH, 
derired  from  those  populations  in  each  year  of  tho  dtuMulo  : 
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Average 


cf 


513.910 


14.425 


2S-07 


20»-l05 


1S71 

490.442 

I&155 

32-90 

19,.t90 

39-53 

1ST2 

499.33$ 

14.357 

2S-75 

20.913 

41 « 

1S73 

510.33S 

14.S76 

2914 

20,202 

39-58 

1S74 

519.267 

16.323 

31-43 

20,963 

40-37 

1ST5 

522,t«33 

15.2S7 

29-iS 

20,818 

39-87 

1ST6 

522.^43 

13.»>SS 

•35  17 

21.032 

40-21 

1ST7 

52J5..MO 

13.75S 

26-12 

21,179 

40-2S 

l^S 

523,914 

14.055 

26^ 

20,686 

39^ 

1879 

."»i4,2if; 

1*2.450 

24-21 

19.817 

3853 

ISSO 

510.070 

13.303 

26« 

19,066 

j  37-35 

39-70 


I  shall  only  refer  to  the  inortalitj.     The  mean  popolation  of 
the  decade  was  T)  13. 9 10.  the  mean  number  of  deaths  per  ^nnnm 
14,425.   and  the  mean  death-rate  2S  (28-07)  per   1,000  of  the 
population.    The  mean  death-rate  of  the  decade  1861-70,  as  finally 
adjusteil  by  the  Registrar-General,  was  30  (30-29).     There 
therefore  been  a  diminution  of  fully  two  deaths  per  1,000  living 
that  is  to  say,  10,278  persons  are  alive  who,  at  the  death-rate 
the  pre\'ious  ten  years  would  hare  been  dead. 

If  we  compare  the  first  and  last  periods  of  fire  years  by 
their  mean  )v>pulations  and  deaths,  we  get  the  following  results 

IS71-75,  508.284  15.399  30*29(30). 

1576  80.  519,536  13,451  25*89(26). 

The  death-rate  of  the  first  period  was  30,  of  the  seoond  2 
showing  a  diminution  of  4,  or  exactly  4*4  per  1,000  living,  so 
the  whole  ai]^(n^^te  savins^  of  life  was  effected  amid  the  circai 
stances  of  dull  trade  and  general  destitution  which 
the  close  of  the  decade. 

In  what  direction  did  this  lowering  of  oar  death-rate 
which  classes  of  disease  has  this  saving  of  life  been  effected! 
have  prei>ared  two  tables  which  answer  this  question— one 
the  nnmber  of  deaths  in  each  vear  of  the  decade  fincnn 
causes,  the  other  giving  the  death-rates  from  those  causes. 

These  tables,  then,  prove  that  the  most  marked  feature  of 
last,  as  compared  with  the  preceding  ten  years,  has  been  the 
diminished  fatality  of  all  foims  of  infectious  or  zymotic  ^i^'  ^"w 
Only  7  in  place  of  20  persons  out  of  every  10,000  of  the  popalatioo 
died  of  fevers ;  only  1  in  place  of  2  died  of  small<^N)K ;  only  9  ii 
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place  of  13  died  of  scarlet  fever ;  7  in  place  of  8  of  measles ;  12  in 
place  of  15  of  hooping-cough ;  5  in  place  of  6  of  croup  and 
diphtheria ;  8  in  both  periods  from  diarrhoea!  diseases.  On  the 
other  hand,  the  mortality  from  diseases  of  the  lungs  only  fell  from 
102  to  99 ;  while  the  mortality  from  miscellaneous,  unclassified 
causes,  rises  from  127  to  129 — thus  ^11  but  neutralising  the  gain 
from  the  small  diminution  in  the  pulmonary  fatality,  and  leaving 
almost  the  whole  balance  of  gain  in  the  ten  years  to  the  credit  of 
%he  diminution  in  the  fatality  of  infectious  diseases. 

An  encouraging  feature  of  this  improvement  in  respect  of 
infectious  diseases  is  this — that  it  is  progressive.  If  we  divide  the 
last  decade  into  two  periods  of  five  years,  and  compare  therewith 
the  period  1861-70,  in  the  case  of  every  one  of  these  diseases,  we 
find  that  the  last  period  of  ^yq  years  (1876-80),  shows  the  lowest 
mortality.  The  fevers  carried  off",  per  10,000  of  the  population, 
20  in  1861-70  ;  9  in  1871-5  ;  5  in  1876-80  ;  and  (in  each  following 
the  same  succession  of  periods)  small-pox,  2-3-*7  ;  scarlet  fever, 
13-15-5;  measles,  8-8 J-5  J  ;  hooping-cough,  15-13-12;  croup  and 
diphtheria,  6^6-5| ;  diarrhoeal  diseases,  8-9-7.  But  for  the  great 
milk  epidemic  of  enteric  fever  in  1880,  originating  in  the  disgraceful 
sanitary  arrangements  of  a  farm  twenty  miles  away,  which  has 
left  its  mark  in  a  rise  of  2|  per  10,000  on  the  fever  death-rate  of 
1880,  the  decade  which  began  with  a  fever  death-rate  of  16  per 
10,000,  might  be  said  to  have  recorded  an  almost  continuous  fall 
year  by  year,  until  it  closed  with  one  of  only  4. 

The  only  black  spot  in  our  death-roll  is  the  death-rate  from 
diseases  of  the  lunga  It  also  was  least  in  the  last  of  the  three 
periods,  the  rate  per  10,000  being  in  each  in  succession, 
102J-105-93J,  but  considering  the  large  proportion  contributed 
by  this  class  of  diseases  to  the  aggregate  mortality,  tbis  is  but 
a  slight  improvement.  The  proportion  is  in  fact  increasing.  In 
the  period  1861-70,  diseases  of  the  lungs  contributed  34  per  cent. 
of  the  total  deaths;  in  the  period  1871-75,  34^  per  cent;  in  the 
period  1876-80,  36  per  cent.  These  diseases,  under  certain  con- 
ditions of  aggravation  of  their  physical  causes,  by  intense  cold  and 
fog,  may  produce  a  death-rate  for  certain  years,  which  would  be 
reckoned  high  in  a  country  district  as  the  aggi-egate  death-rate 
from  all  causes.  Nor  does  the  number  of  deaths  directly  ascribed 
to  pulmonary  diseases  fully  measure  their  deadly  influence.  No 
physician  can  have  any  doubt  that  the  same  physical  causes  which 
produce  death  from  afiections  of  the  lungs,  pure  and  simple, 
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eompiks&ce  and  aidd  greativ  to  die  fatalitr  of  infedioiis  diaeases 
in  Glasgow,  Urtddes  iacrea»iiig  the  auinber  o£  demths  from  niis- 
celLineoas  oskuses.  by  the  seeocdauy  ^fects  of  lung  diaeaae  npon 
the  heart,  brsdiu  zind  other  orgaiL^  of  the  body.  While  we  are 
attacking  zTTDOti<  diseases  upon  their  own  ground  with  some 
success^  we  hare  n«>t  yet  struck  home  against  the  causes  of  our 
palmonao  death-mt*^.  which  are  an  atmoephere  sarchaiged  with 
smoke,  and  crippled  in  its  powers  of  self-renewal  by  OTer-density 
of  building,  and  overcrowding  of  the  inhabitants,  with  a  low  lerel 
of  household  comforL 
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^Report  hy  Dr.  Henby  Muirhead,  one  of  the  DdegaUe  fr<ytn 
the  Society  to  the  gathering  of  DelegcUes  from  other  Scientific 
Societies  attending  the  Meeting  of  the  British  Association  at 
York,  in  August,  1881. 


[Read  before  the  Society,  30th  November,  1881.] 


Having  been  appointed  a  delegate  to  the  meeting  of  the  British 
Association  at  York,  to  oo-operate  with  our  President  and  Secretary, 
I  attended  a  meeting  of  delegates  from  various  scientific  societies 
of  the  United  Kingdom.  From  this  meeting,  held  on  the  6th 
September,  in  the  Museum  of  the  Philosophical  Society  of  York, 
our  President  and  Secretary  were  unfortunately  unavoidably 
absent.     It  therefore  devolves  on  me  to  make  a  short  report. 

Mr.  Whitaker,  of  the  Norwich  Geological  Society,  occupied  the 
chair.  The  following  report  of  the  committee  appointed  at  a 
conference  of  delegates  from  scientific  societies  at  Swansea,  in 
August,  1880,  was  read,  and  after  discussion  adopted,  as  was  the 
resolution  embodied  therein : — '^  We  have  to  report  that  we  have 
issued  to  all  the  scientific  societies  of  the  United  Kingdom 
entitled  to  send  delegates  to  the  British  Association  a  circular- 
letter  inviting  these  societies  to  send  delegates  to  the  York 
meeting,  and  that,  in  connection  with  this,  we  have  been  engaged 
in  a  considerable  amount  of  correspondence.  We  have  also  to 
report  that,  in  order  to  place  these  conferences  on  a  firmer  basis 
tban  could  otherwise  be  done,  and  to  meet  the  necessary  expendi- 
ture, we  had  proposed  the  appended  resolution — that  this  resolution 
bas  passed  the  conmiittees  of  sections  A,  C,  and  D,  and  will  be 
brought  before  the  committee  of  recommendations  to-day — that  a 
committee  be  appointed,  consisting  of  Sir  Walter  Elliot,  F.E.S., 
Mr.  H.  George  Fordham,  Mr.  John  Hopkiiison,  Mr.  G.  J.  Symons, 
F.R.S.,  and  Mr.  W.  Whitaker,  to  arrange  for  a  conference  of 
delegates  from  scientific  societies,  to  be  held  at  the  annual  meetings 
of  the  British  Association,  with  a  view  to  promote  the  interests  of 
the  societieB  represented^  by  inducing  them  to  imdertake  definite 
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systematic  work  on  a  uniform  plan;  that  Mr.  Fordham  be  secretary, 
and  that  a  sum  of  £5  be  placed  at  their  disposal  for  the  purpose." 

It  came  out  in  the  course  of  the  disciission  that  some  dissatis- 
faction had  been  expressed  by  certain  members  of  the  executire 
of  the  British  Association,  because  the  delegates'  committee  had 
placed  the  words  '*  British  Association  "  at  the  head  of  the  printed 
circulars.  This,  among  other  reasons,  led  to  the  sending  the  fore- 
going resolution  to  the  committee  of  recommendations,  with  the 
view  to  attain  some  recognised  connection  with  the  British 
Association.  And  I  am  glarl  to  be  able  to  say  that  the  resohitiou 
— though  minus  the  money — did  pass  the  committee  of  recom- 
mendations, so  that  now  it  is  all  but  certain  that  the  delegates' 
conferences  have  acquired  a  locits  standi  affiliated  to  the  parent 
association. 

As  no  money  was  accorded,  it  was  proposed  and  agreed  to  that 
each  society  sending  delegates  should  authorise  the  payment  of  an 
annual  sum  (not  exceeding  10s.)  to  defray  the  expenses  of  the 
committee  in  printing  and  posting  circulars,  and  other  incidental 
expenditure. 

An  interesting  discussion  took  place  as  to  the  best  methods 
of  stimulating  local  societies  to  more  active  work,  such  as  the 
recording  the  migration  of  birds,  appearance  of  insects,  and  other 
])eriodical  phenomena,  observation  of  rainfall,  luminous  meteors, 
underground  circulation  of  water,  <kc.     Perhaps  I  ought  to  mention 
that  our  member,  Mr.  J.  B.  Murdoch,  F.S.A.,  was  present  as  a 
delegate  from  the  Geological  Society  of  Glasgow,  and  took  an 
active  part  in  the  discussion. 


IV. — On  an  Apparatus  for  Studying  the  Work  done  by  a  Frog' 
Muscle,  By  J.  McGregor-Robertson,  M.A.,  M.B.,  MolV^, 
head  Demonstrator  of  Physiology  in  the  University  ^( 
Glasgow. 


[Read  to  the  Society,  30th  November,  1881.] 


The  accompanying  woodcut  gives  a  sketch  of  an  amiigem^^^ 
designed  to  show  the  work  that  can  be  performed  by  a  xavi»^ 
in  the  shape  of  lifting  a  weight. 

It  consists  of  a  winch,  to  the  barrel  (B)  of  which  a  thread  is  fixtt' 
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by  a  Boull  tyt.     The  tliread  passes  directlj  upwards  to  a  pulley. 
kx«d  some  four  or  five  feet  above  it.    After  passing  over  the  pulley 


-.hit  zhjrtati  Ji  i;=cj*:iii^t  *:•:  k.  w**4.rn^  <ait^  ^siMSOzz  ^  'mhieh  is  T^uvfti 
j£  tLeiLs3r<L  T:  roe  sai  ■:f  lot^  barm  2$  A^^iacEuni  a  wbcri  (^^  v, 
Traiiia  laa  m  xtic^tb*  ;  .^a,;  ^  rmniiur  ci  ist  td^  Hie  vit»«l 
is  «:  A=5K&ifii  X  'mt^  :a£T^  ioas  is  can.  sxov^  «ialj  in  ecsiker  direc- 
-ncn.  Wool  iz  sulcus  iz.  ^l»^  iir^ctio:.  zj  TTt*gj:s  of  a  s{)nxi^  ALd 
ciniciL  £:  .  i^  n:*:£ir«9  :ii  zh»t  ZitXtbBsd  •»ti^  R^  of  cbe  barrel  and 
':iirs3  h  irhli  :^  ia:i:i  -vrztfiz;!  iz.  lae  mreadL  When  s  bot«s  in 
"i&e  icziiv  iirw^:ii.  i'  auiTifs  ^'lo**  ftaTiz^;  tfl*m  no  ca&di  on  the 
^^"*»  loe  '^arr^  is  pr^v-^n^sed  trcm.  slx^«iii^  liaLkajida  by  m 
Ri  •  liaZiL;!  *-:!*•:  i:if:cit»Tr  jcociwd  •eti^  a:  aiie  odier  end. 
Ll  zha  2r:«:^vi?s  :£  tn^  vibf^i  i£uer»  lie-  rvo  coreaiSy  £uxenuig  br 
LZa  ii  \i7ZJi  •^^»!k  •.'Tit^  iiireai  riLses  oTct  tbe  vbeel  in  one 
•iirecci«:ci.  izd  is  ^i^jftra^  v-  lii^^  zasssrcimemias  of  a  frog  Ijing  on 
^  'iLke^ji  rr^^iar^.  Tlie  XiL»rr  I2ir?:ki  passes  over  the  wheel  in  the 
op^ifihr^  •iir*ft.-cioc  izji  i5  ^''-veii  zo  hang  straight  dovn.  having  a 

Tlir?  ■•■&?trl  is  :h-:s  iz»ier  ihe  Lij!ii«ec*»  of  two  opposzie  forces — 
th-f  f  r?t.  '.hi  for.*-  -t  the  .-t:iitraL'tin:r  moscfeL      When  the  mnade 
•wtrrjcTJS  Z£r:  w'z-^l  is  c-<ill«eii  n:a&L  the  Innrel  is  tamed  in  the 
same  »iizei:cii^ii  ov  mt'ar:^  oc  ihe  catch,  tiie  thread  »  wound  in«  and 
the  wez:^t  at  its  end  Iffvd  b j  a  corr*rscocding  amount.      As  soon 
as  zhK  contraction  is  over  and  the  musele  relaxes^  the  wheei  comes 
an*ier  the  indaezice  of  the  oppcsite  force^— 4^,  the  wei^t  *****g*"g 
from  ik      It  i&  accopiicjdy.  poikd  ronnd  to  ita  original  poMtioa 
The  thread  attached  t«.»  the  moscie  is  thus  rendered  tense,  readj  for 
another  contractzoo.  while  the  barrel  is  prevented  firom  turning 
Uiclrv:u>is  hv  the  catch  alreadT  mentioned. 

In  arranging  the  appdkratns  for  a  demonstration,  the  pithad 

Ls  laiii  on  Marev's  plate  in  the  osoal  way,  the  sciatic  nerve  liei 

stimalated  bv  secondary  :ihocks.      In   the  primary  circnit  of 

Daniel's  elem«it  a  revolving  cylinder  is  interposed,  which 

the  circuit  two  or  four  times  a  minate.     The  mnsde  thus 

regularly  two  or  four  shocks  per  minute.     The  anrnngement 

been  made,  the  experiment  can  be  allowed  to  vrork  awmy  wii 

interrupticMi  ibr  half-an-hour  or  more.     At  the  end  of  the 

ment  the  weights  attached  to  the  wheel  and  pulley,  multiplied  in 

the  distance  throu^  which  they  hare  been  lifted,  giTe  the 

done.     The  arrangement  is  used  merely  for  pmpose  of 
stration,  and  is«   I   sm  afraid,  rather  rou^  for  giving 

accurate  results. 

FcH/r-Xon:— The  figure  in  the  npper  kft-hsad  eocaer  cf  the 
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a  view  of  the  winch.  The  other  figure  shows  the  frog  ia  position,  with 
hook  attached  to  thread,  through  Teudo  Achilles,  and  the  electrodes  passing 
down  to  the  sciatic  nerve.     Part  of  the  wires  to  the  secondary  coil  is  shown. 


V. — Microbes  in  FermenUUiori,   PiUrefaction,  and  Disease.     By 
Charles  Cameron,  M.D.,  LL.D.,  M.P. 

[Read  before  the  Society,  14th  December,  1881.] 

Microbe  is  a  woixl  with  which  the  I'ecent  researches  of  M.  Pasteur 
into  the  intimate  pathology  of  fowl  cholera  and  splenic  fever  have 
made  the  public  of  this  country  more  or  less  familiar.  It  was 
originally  introduced  by  Sedillot  as  a  convenient  and  non-conten- 
tious name  for  various  minute  organisms  found  in  the  fluids  or 
tissues  of  the  l>ody  in  certain  diseased  conditions.  As  generally 
employed,  its  use  is  confined  to  them.  As  we  shall  see,  however, 
that  precisely  similar  organisms  are  inseparably  connected  with 
the  processes  of  fermentation  and  putrefaction,  and  in  certain  cases 
that  specific  organisms  associated  with  these  processes,  when  they 
find  their  way  into  the  animal  economy,  give  rise  to  specific  dis- 
eases, I  see  no  reason  why  the  use  of  the  word  should  be  so 
restricted,  and  shall  apply  it  indifferently  to-night  to  the  minute 
organisms  which  play  such  a  prominent  part  in  the  whole  three 
classes  of  phenomena.  Though  these  microbes  are  generaUy  be- 
lieved to  belong  to  the  vegetable  world,  in  lower  regions  of  life 
the  boundaries  between  the  animal  and  vegetable  are  very  indis- 
tinct, and  there  are  many  microbes  which  display  so  much  activity 
and  such  an  apparent  intelligence  in  the  direction  of  their  move- 
ments, that  it  is  difficult  not  to  share  the  sentimental  preference 
to  which  Ptoteur  gives  expression  for  placing  them  in  the  same 
kingdom  as  ourselves  They  consist  of  cells  of  diiferent  sizes  and 
shapes,  which  multiply  themselves  with  enormous  rapidity  and 
are  characterised  by  a  considerable  resistance  to  various  reagents, 
such  as  ammonia,  concentrated  acetic  acid,  4&c.,  which  destroy 
animal  cells,  a  characteristic  of  which  the  microscopist  avails  him- 
self in  his  demonstrations  when  he  has  to  deal  with  them  in 
animal  tissues.  They  have  been  elaborately  classified  by  certain 
botanists;  but  experience  shows  that  in  many  cases  they  vary 
in  form  according  to  the  medium  in  which  they  are  found,  and 
some  of  them  possessing  the  most  distinctive  properties,  like  the 
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foniu'uting  anil  iion-fermenting  torube,  for  example,  are  imdistin- 
guishablo  under  the  microecopa 

As  my  princifial  aim  is  to  call  attention  to  recent  researches 
regarding  their  connection  with  disease,  under  circumstances  where 
thoir  vital  reactions  are  of  supreme  importance,  I  shall  not  waste 
time  in  attompting  any  description  of  their  morphological  differ- 
onct*s^  and  shall  content  myself  with  roughly  indicating  the  general 
oharAotoristics  of  some  of  the  species  of  oiganisms  to  which  I  shall 
nioest  frequently  have  occasion  to  refer.     I  shall  have  to  speak  of 
tho  U^mkk  or  yeeist  plants  a  spherical  or  ovoid  organism  of  which 
then'  aro  ^-^sirioos  species,  ^-arying  very  much  in  size ;   the  micro- 
«>\v*^  a  £iimily  of  which  there  are  also  innumerable  species,  pre- 
i^nitiro:  the  mi>st  diverse  characters — sometimes  found  in  the  form 
ot*  M^>arate  s|iherical  ivlls;  sometimes  of  chains  or  bunches  of  cells 
hold  t^>^^:hor  by  a  gelatinous  bond ;  sometimes  gliding  over  the 
txold  «N!*  tho  mioA^s^vpo  by  a  combined  sinuous  movement;  some- 
t^v.u'^  vrkitu:  ufxMi  their  bonds  of  union  with  a  rhythmical  move- 
ir.or.:  ^  Kioh  h^s  been  compared  to  the  brandishing  of  a  shillelagL 
\«:>v,\  «v  Kaxe  tlie  fnvlenfifm—a  rod-like  group  of  microbe — of 
« huh  a^v:)e  ;^victs^  are  hundnKls  of  times  larger  than  others ;  the 
j>.'^'>* \  a:\  c\%r*g»t<\i  «.vlL  often  manifesting  the  most  lively  move- 
tv.or,t;s.  ;j^>ft  ;inr.\ii;g  aKmt  like  a  tiny  eel,  and  presenting  itself  in. 
AN  :;;a:\>  s^Ha^yvL  A:!L  a  k^kIl     Of  aU  these  groups  there  are  manj 
^^w'ii^dk  ^^^.iiv  ^^'  «  hich  ba^v  N?en  carefully  studied  and  identified, 
)^(;<  1 V  \  ;i^<t  v.^asjL  ^^'  which  az>?  as  vet  to  be  described  and  classified. 
No>ik.  I  ;>(>vl  v.^^:  ^^U  vvxx  thai  of  laie  vears  these  microbes  have 
Nnn;\  nV«  r,  to  )v«>  a  r.x\!4  important  part  in  many  diaeaaea;  boX... 
,   >-v,  o\«:^*<vs:n>:)^>  r^;unulv  admit  of  much  more  accurate  ara^ 
.  \:-  «.:x,;\>o  >:;vS  ::;  t^^e  r.nx>K&e!^  ol  fermentation  and  putrefiu^tic*^'^ 
«   V,;  \k>.,-v,  ;K^\  Art'  occ\fCi«':ft:eii  and  olscnred  by  the  distnrbiK:^^ 
■\\* — v.x  .'^^  xNYvv. '**.•:'.:  li?!f      \L  theretore,  we  wish  to  iinderstac:^^ 
ii*;:   iii-vvN-t^'v   ..-.  «i^^«:tfeK-^  we  r,:u5S»  in  the  first  place,  consid^  ^ 
>*Na,  i>.  Vivxn-.'  'A^pfcrvv-r^  :Se;v.  ir.  th«^  other  processes  in  whiO^ 
»Sx^>  ;:x;\xx^^•^^      ',  *,\\^v.vi>  r^.''{x«e  to  dirtvt  voor  attention  0^ 
A-i^A;.;  ;xv.;;s  v   .wv.Nvt^r,  >»;:i  :bear  int^rrentMn  in  feHnentc"^ 
*v^v\  A',s\  'jsiiivt*,  ,c,^t^,  %"m,-^>,  >;ivr-:  :o  Kf  essteniial  to  anything 
*  ,  .,\*x  ,;;n^'<>,a:v..  ^  ,*i  ;.'■,  r  f  *v«  in  dismse.     And  if  I 
.,*  ,v,'*jiiv*  A.  ,,v  ^ir\>A.   :^'v^,,^  ;r.v.v.  3>.ss  Vca&oh  of  my  sabiect, 
^i^^^V  *^^w<   ^\  »i»i  *.-  5iii^  .xxizvy  tie  pvrely  dieinioal 
uyjjf^  x>t  l^-<v^  *AV«\v,:^  »ft*:.>ftv»:acc:  ha^Y  left  so  deep  un  ini|iR0^ 
«hi>M  i^K  ^'xx'*  ;\*  5^1  vx  wvsttwc,;.  uk-v  «.-:a3»e  tbe  Tact  niajiMilj  of  v0 
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to  overlook  the  importance  of  the  antagonistic  and  vital  theory  of 
Pasteur — a  theory  which  has  directly  led  that  scientist  up  to  the 
wonderful  results  with  which  the  world  has  recently  been  startled 
into  amaze. 

The  amount  of  pure  yeast  which  can  be  taken  upon  a  pin's 
point  will  suffice  to  accomplish  the  fermentation  of  an  unlimited 
quantity  of  wort     The  reason  is  that  the  yeast  cell  is  a  living 
plant,  and  grows  so  long  as  it  finds  material  to  feed  on,  and 
its  growth  under  proper  circxunstances  is  accompanied   by  the 
decomposition  of  the  sugar  contained  in  the  wort  into  alcohol  and 
carbonic  acid.     The  life  of  the  plant  and  the  decomposition  of  the 
sugar  are  cause  and  effect     Boil  the  yeast  and  no  fermentation 
will  result  on  its  introduction.     Destroy  its  cells  by  rubbing  them 
on  a  ground  glass  plate  and  the  same  thing  results.     Retard  its 
growth  by  cold,  and  the  decomposition  of  the  sugar  is  retarded ; 
accelerate  it  by  heat,  and  the  production  of  alcohol  is  accelerated; 
Idll  it  by  compressed  oxygen  or  in  any  other  manner,  and  the  fer- 
mentation stopsw     But  the  yeast  plant  is  far  from  the  only  plant 
"which  is  capable  of  giving  rise  to  this  decomposition,  and  under 
^^rtain  circumstances  it  fails  to  give  rise  to  it.     In  the  first  place, 
^^ere  are  a  nxunber  of  yeasts  doubtless  descended  from  some  com- 
:^non  ancestor  but  presenting  specific  differences,  giving  rise  to 
slightly  differing  products,  and  incapable  of  transformation  one 
^jito  the  other.     The  ordinary  yeast  plants  of  our  breweries  pro- 
ciuoe  spores  only  under  extraordinaiy  circumstances  of  artificial 
cultivation,  but  the  microbes  which  give   rise   to  the  alcoholic 
fermentation  of  the  bruised  grape  are  produced  by  spores  which  are 
Helf'sown,  which  develop  ferment  cells  only  at  certain  seasons,  and 
whose  origin  is  to  a  large  extent  shrouded  in  mystery.     Various 
tnouldsy  submerged  beneath  the  surface  of  the  saccharine  fluid  in 
which  they  vegetate,  and  so  deprived  of  the  oxygen  which,  under 
normal  circumstances,  they  derive  from  the  air,  continue  to  live, 
and  extracting  that  oxygen  from  the  sugar  amid  which  they  are 
plunged,  give  rise  to  the  formation  of  alcohol  and  carbonic  acid. 
In  forming  the  sugar  which  abounds  in  ripened  fruits,  the  unripe 
fruit  abflorbs  oxygen  from  the  air.     If  the  ripening  fruit  be  placed 
in  an  atmosphere  of  carbonic  acid,  cell  life  continues  to  go  on  in 
its  interior,  but  the  process  is  reversed.     The  cells  appropriate  the 
oxygen,  of  which  they  have  need,  from  the  sugar  already  formed 
around  them,  and  the  production  of  alcohol  and  carbonic  acid  again 
reBults.      Even  in  fresh  meat,  where  organic  cell-life  continues 
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certain  circamstances  reduces  sugar  to  alcohol,  wiU,  under  others, 
oxidize  alcohol  into  acetic  acid.  But,  although  there  are  certain 
of  these  organisms  or  microbes  which  accommodate  themselves 
with  great  seeming  indifference  to  either  mode  of  life,  there  are 
others  essentially  aerobic  or  anaerobic — for  which  free  oxygen  is 
a  necessity  or  a  poison,  which  can  apparently  be  more  or  less  suc- 
cessfully trained  into  tolerating  or  dispensing  with  it  under  certain 
conditions  of  development  and  cultivation,  but  which,  under  the 
circumstances  in  which  we  are  ordinarily  acquainted  with  them, 
display  of  their  energies  only  in  one  direction  and  in  a  8))ecific 
manner.  Thus  the  torula  cerevesias  in  the  everyday  development 
of  its  life  resolves  sugar  into  alcohol.  An  organism  very  similar 
in  appearance,  but  much  smaller,  produces  lactic  acid.  A  third, 
the  microderma  acetic  oxidizes  alcohol  into  acetic  acid.  A  fourth, 
a  lively  vibrio,  reduces  fermentable  matter  to  butyric  acid  with 
the  liberation  of  hydrogen,  which,  when  the  matter  fermenting 
contains  phosphorus  or  sulphur,  unites  with  them  and  produces  the 
unsavoury  odours  characteristic  of  putrefaction.  Another  organism 
again — a  little  micrococcus — decom]K)se8  urea  into  ammonia,  and 
hippuric  acid  into  benzoic  acid  and  glycocole.  The  transformation 
of  tannic  acid  into  gallic  is  the  work  of  a  sixth.  The  artificial  con- 
version of  ammoniacal  waters  into  nitre  appears  to  be  due  to  the 
intervention  of  a  seventh.  And  I  might  mention  as  many  more 
instances  of  specific  fermentation  without  exhausting  the  list  of 
those  of  which  the  specific  microbe  has  l>een  demonstrated  or 
-studied. 

We  are  now  in  a  {>08ition  to  turn  to  the  process  of  puti*e- 

fkction,  and  to  understand  pi*ecise}y  what  that  is.     In  a  sentence, 

putrefaction  is  neither  more  nor  less  than  a  process  of  impure 

«nd  mixed  fermentation,  the  pi*oducts  of  which  vary  according 

to  the  species  of  the  feiments  which  happen  to  have  been  sown, 

the  nature  of  the  soil  on  which  they  find  themselves,  and  the 

fsireumstances  in  which  they  are  placed.     A  certain  step  in  the 

redaction  of  organic  matters   to   their  elements  is  effected   by 

one  fermenl     The  new  compound  is  taken  up  by  a  second,  and 

advanced  a  stage  further  on  the  way  to  dissolution.     That  again 

is  laid  hold  of  by  a  third,  until  finally  the  organic  structure  is 

reduced  to  its  original  inorganic  elements,  and  these  are  set  free, 

<moe  more  to  enter  on  a  new  cycle  of  life.     A  micrebe  which  plays 

a  leading  rSU  in  this  great  work  of  reorganisation  is  the  vibrio  of 

Imtyric  fermentation.     To  the  fully-developed  organism  oxygen  is 
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the  most  putrescible  bodies  exposed  for  years  to  contact  with  the 
atmospheric  air  will  remain  unputrefied.     I  need  not  tell  you  that, 
under  such  circumstances,  meat  in  contact  with  the  air   will 
undergo  certain  changes,  but  will  not  rot.     Blood  will  disintegrate, 
its  corpuscles  will  fall  to  pieces,  and  salts  will  crystallise  out,  but 
it  will  not  putrefy.     Wort  will  oxidize,  but  it  will  not  ferment ; 
and  animal  and  vegetable  infusions  will  remain  for  years  without 
apparent  change.     But,  in  establishing  these  facts,  it  has  been 
proved  that  the  most  extraordinary  difference  exists  between  the 
tenacity  of  life  exhibited  by  the  developed  microbes  and  the  spores 
or  germs  from  which  they  spring.     Submit  the  microbes  to  a  boil- 
ing heat,  or,  in  many  instances,  to  a  heat  far  short  of  the  boiling 
point,  and  they  are  killed.     Dry  them,  and  in  many  cases  they 
die  at  once,  and  in  all  in  a  comparatively  short  time.     Expose 
certain  of  them  to  the  oxygen  of  the  air,  and  they  perish.     Satu- 
rate the  fluid  in  which  others  are  found  with  carbonic  acid,  and 
they  are  paralysed;  and  though  for  a  time  capable  of  revival  by 
oxygen,   ultimately  succumb.      Expose  any  of  them  to  oxygen 
under  high  pressure,  and  they  are  asphyxiated.     Dilute  solutions 
of  antiseptic  agents  kill  them.     But  as  to  the  spores  which  they 
produce,  and  from  which  succeeding  generations  spring,  there  is 
almost  no   killing  them.     The  more   you  dry  them  the  better 
they   resist   destruction.      Time   is    no   object   with   them,   and 
they  maintain  their  dormant  vitality  for  an  indefinite  number 
of  years.     Absolute  alcohol  has  no  effect  on  them ;  as  to  oxygen, 
-ihej  can   stand   that  concentrated   by   the   pressure   of  twenty 
atmospheres,   and   be  none    the   worse.      Two  or   three    hours' 
^boiling,  if  they  have  been  well  dried  beforehand,  seems  not  to  hurt 
^em,  and  they  have  been  even  known  to  survive  eight  hours  of 
tJie    process.      The   only   effectual   means    for  their   immediate 
tlestruction  that  I  am  aware  of  is  the  flame  of  a  spirit  lamp.     To 
"^at  their  extreme  minuteness  renders  tliem  an  easy  prey.     Now, 
bow,  you  will  ask,  does  it  come,  when  these  germs  can  stand  so 
much  rough  handling  without  destructioD,  that  mild  solutions  of 
sach  harmless  antiseptics  as  carbolic  acid  or  borax,  or  permanganate 
of  potash,  can  have  any  effect  in  preserving  us  against  the  mischief 
they  worki    This  strikes  me  as  a  most  important  point  in  connec- 
tion with  medicine  and  surgery,  but  I  have  never  seen  it  noticed. 
Professor  TyndalFs  experiments,  however,  appear  to  afford  a  verj- 
simple  explanation.  *   That  gentleman  took  infusions  infected  with 
spores  or  germs  derived  from  old  hay,  on  which  mauy  hours  of 
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«.»ntinuous  l^oiling  had  no  efl^ct,  and  found  that  by  boiling  it  for 
a  single  minute,  or  fraction  of  a  minute,  at  intervals  of  a  few 
hcmrs.  he  could,  with  an  aggr^ate  of  five  minutes^  boiling,  sterilise 
the  mckst  refractory  ixifu^ion.  The  explanation  is  obvious.  The 
s{x«rt'S  in  an  inf  u&iou  an^  in  differvnt  conditions  as  to  species,  age, 
dessication,  exposure  to  air  and  light,  kc.j  and  thej  will  natuiallj 
require  different  perimls  for  germination.  While  they  remain 
simple  s|x>res  they  re>i:;t  prolonged  boiling.  But  allow  them  to 
i:i'miinat<\  and  deal  with  each  successive  crop  as  it  is  springing 
into  life,  and  your  victors*  is  of  the  easiest.  In  the  same  way  we 
can  t^asily  see  how  any  solution  which  will  kill  the  developed 
mion>l<o  caii  preserve  the  decoction  or  wound  in  which  it  is  placed 
irvm)  the  development  of  microbes.  It  may  not  kill  their  refrac- 
i<vr}'  cemis,  but  it  will  kill  them  odf  in  detail  as  they  spring  into  life. 
The  {vin:  has  a  most  evident  bearing  on  the  rationale  of  the  dis- 
mfiviion  c4  articles  containing  the  germs  of  the  microbes  of  disease, 
;)r.d.  I  can't  help  thinking,  urgently  demands  a  much  more  stiin- 
s^M^x  t'\|vhmenULl  investigation  than  it  has  hitherto  received. 

IVui  what  h&s  all  this  talk  about  these  microbes  and  their  germs 
^>:  TO  do  ^i;h  the  subject  of  disease?     In  1879,  3L  Marix  made 
N^'ur.t  cxix'rimo:.:^  upt>n  the  a(.*tion  of  ordinaiy  yeast  on  blood  out- 
skic  ti:o  Kviy.     He  fvMind  that  it  multiplied  itself  freely,  depriving 
the  bUvvi  vvrpu:i^''les  of  their  oxygen,  and  reducing  them  to  a  dark 
l'rv>\^  r.  vvlour.  aiid  that  it  ueiMmposed  the  sugar  of  the  blood  into 
^^H\v..io  a.'ia  ar.vi  aloc^oL     He  then  tested  its  eflfect  when  intro- 
«i\;v>\i  ir.  su&]x^r.s:v^:i  into  :he  ciivulation  of  the  living  animAl^  and 
fo.;;.vi  :hAt  ^her.  m.>:v  iLan  two  grammes  of  it  was  injected  the 
rt^v/.;  >^as  aIw^ax-s  lataL  while  in  doses  below  two  centigrammes, 
ov.  ;ho  ^v:xtr*r\-,  i;  was  ain;ost  inncKniou&    Between  these  doses  the 
<  !^\v:s  ^>i\!^r\?\i  uere  ver\-  ch.\racteri*tic«     Tliere  was  an  elevation 
ot  :o:v.ivr»s;:r^\  rV.l.-^wnxi  bv  a  doi^ivssaon  often  extreme,  and  the 
.•ir.r.-.^*  Ux^xv..;  vvr.ia:*\j*\     Air.iast  immediately  after  the  injection 
ihc  >;:>;<v;  .♦  ;h:^  c\ivr::r.t :::  was  sr-ieed  with  a  diarrbcea  stron^y 
n^s^^riv;:,;:  :hA:  c^t  ;yi^hv^:d  iVver,  and  aiter  death  the  glands  of 
iho  ;:.;<n:*.:u-^  kr..^^v.  as  l\yers  patches,  were  found  engorged  and 
v.Uvni;<v.  i^^?v;:^'^  *s  r.:  ih*:  .M^ietiw.     The  blood  was  not  altered 
m  A>\^;:r.  nI^ow::;^  t^a:  u;:h::;  ihe  living  body  its  corposeks  hid 
Mjrtxoun-,:  ov.oTvy  u^  «'r.AKc  tr,er.i  suvV>?!SsiuilT  to  contest  that  elonent 
>fcuh  tho  vx>As:  ;>.A:'.t ,  Vu:  tvery  trace  iif  sngar  had  diaappeared 
tiNxjw  u.     Iv.  :^v\:,  t*:a;I  ^-tft.^^  thtrt^  w-as  the  same  fever,  the  same 
|sUir\  ajxa  &4:yr-r.>o::  ..:  sli^^rrh^vx  ir.  which  the  yeast  globules  w«« 
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i^parently  eliminated,  for  after  a  few  days  they  were  not  to  be 
found  in  the  blood. 

When  Pasteur  discovered  that  the  fermentation  which  changes 
urea  into  ammonia  was  due  to  the  presence  of  a  specific  micro- 
coccus, he  ventured  to  assert  that  to  the  same  microbe,  and  not  to 
the  decomposition  of  effused  mucus,  would  be  found  to  be  due  that 
formation  of  ammoniacal  urine  within  the  bladder  which  in  cases 
of  retention  of  that  fluid  gives  rise  to  such  distressing  symptoms. 
This,  subsequent  observation  has  proved  to  be  the  case.  Ammo- 
niacal urine  is  as  much  the  disease  of  the  micrococcus  urece  as  itch 

« 

is  the  disease  of  a  specific  acarus. 

Coming  now  to  the  ordinary  microbes  of  putrefaction,  we  all 
know  by  what  a  remarkable  process  of  analogical  reasoning  a  former 
fellow-townsman  of  our  own  grasped  the  fact  of  the  important  part 
they  play  in  surgical  disease,  and  how — without  more  knowledge 
of  their  individual  peculiarities  than  could  be  gained  by  a  perusal  of 
Pasteur's  memoir  on  lactic  fermentation — Lister  laid  the  practical 
foundations  of  that  great  principle  which  has  made  him  famous 
throughout  the  civilised  world,  and  will  give  reason  to  countless 
generations  to  bless  his  name.      The  success  which  has  attended 
his  practice  affords  to  the  general  public  the   most  convincing 
proof   of  the   correctness  of  his  theory.     This  is  not,  however, 
sufficient  for  the  man  of  science.      But  M.   Ohauveau,  a   vete- 
rinary surgeon  of  Lyons,  who  first  demonstrated  that  infections 
were   not   liquid   or  gaseous  but   particulate,  and  whose   many 
invaluable  i*esearches  into  the  intimate  phenomena  of  contagions 
are   far  too   little   known  in   this  country — devised  a  demon- 
stration which  sets  the  matter  beyond  all  question.      For  the 
production  of  wether  mutton  in  France   recourse  is  had  to  an 
operation  known  as  bistoumage.     This  consists  of  the  rupture  of 
the  spermatic  cords  by  torsion,  cutting  off  the  testes  from  all  com- 
uumcation  with  the  circulation,  but  leaving  surrounding  tissues 
uninjured.     In  this  operation  the  glands  do  not  putrefy,  but  in 
time  become  adherent  to  the  surrounding  tissues,  and  undergo  a 
^>ecies  of  fatty  degeneration.     This  is  what  one  would  expect, 
for   we   have  seen   that  without   the  intervention   of  microbes 
putrefaction  will  never  occur.      But  Cliauveau  reasoned  that  if 
these  were  really  the  cause  of  putrefaction  you  should  be  able 
to   produce   it  in   the  glands   killed   by   the  operation,    though 
within  the  living  body,  by  introducing  these  microbes  into  them 
through  the  circulation  previous  to  its  performance.     He  accord- 
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•ome  species  more  rapidly  than  others,  and  so  by  repeated  culti- 
vation in  conditions  favourable  to  this  or  that  form  of  microbe, 
and  prejudicial  to  those  with  which  it  is  found  associated,  you  get 
what  you  want.     To  analyse  a  disease  which,  like  septic  poisoning, 
may  result  from  a  number  of  microbes,  you  must  resort  to  a  similar 
process.     Some  of  these  flourish  in  one  animal  or  cultivation  fluid, 
but  die  in  another,  and  on  that  principle  the  analysis  can  be  made. 
Koch,  for  instance,  found  that  by  injecting  a  drop  of  putrefying 
matter  into  the  circulation  of  the  common  mouse,  death  resulted 
in  40  to  60  hours,  and  two  distinct  phenomena  presented  them- 
selves under  the  microscope.     The  blood  swarmed  with  vibrios  of 
extreme  minuteness,  and  a  micrococcus  arranged  in  peculiar  chains, 
the  smallest  which  Koch  has  ever  seen,  was  found  in  the  serum 
at  the  point  of  inoculation.      On   the   ordinary   mouse  it   was 
impossible  to  separate  this  latter  microbe  from  the  other,  but  by 
inoculating  them  on  the  field  mouse  Koch  found  that  the  vibrio 
perished  and  the  micrococcus  gave  rise  to  a  peculiar  gangrene. 
Neither  of  these  microbes  aflected  the  rabbit     Coze  and  Feltz,  on 
the  other  side,  selected  that  animal  for  their  experiments,  and  they 
found  that  the  inoculation  of  a  few  drops  of  putrefying  matter 
into  its  circulation  caused  the  blood  to  swarm  with  certain  other 
microbea     But  the  curious  point  brought  out  by  their  experiments 
was  that  by  repeated  cultivations  of  these  microbes  in  the  rabbit 
they  could  enormously  increase  their  virulence.     Thus,  having 
injected  from  1  to  10  drops  of  blood  putrefied  in  the  air  into  the 
veins  of  each  of  48  rabbits  they  found  that  26  of  them  died. 
Injecting  1  to  4  drops  of  the  blood  of  one  of  the  rabbits  dead  in 
this  experiment  into  a  number  of  others,  they  found  that  all  ino- 
culated perished.     Following  the  same  procedure,  they  found  that 
at  the  fifth  generation  one-hundredth  part  of  a  drop  killed  the 
ATiiTna.!  in  less  than  20  hours.      At  the  tenth  generation  they 
oould  kill  a  rabbit  with  the  20,000th  part  of  a  drop,  and  in  sub- 
sequent generations  with  even  smaller  amounts.     Toussaint  claims 
to  have  proved  that  the  organism  thus  cultivated  out  is  none  other 
than  the  microbe  of  fowl  cholera,  of  which  we  shall  speak  hereafter. 
The  two  forms  of  septic  disease  investigated  by  Pasteur  are 
human  septicemia  and   pyemia.      In  the   first  of  these  he   has 
discovered  a  septic  vibrio  wonderfully  akin  in  many  respects  to 
the  microbe  of  butyric  fermentation,     like  that  microbe,  oxygen 
kills  it,  but  like  it,  too,  its  germs  are  imimpaired  even  by  com- 
pressed oxygen.     They  will  germinate  in  carbonic  gas,  or  even  in 
Vol.  XIII.— No.  2.  2  c 
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'^^-^I}«^      Lik^  :««  i<x\  it  manifests  its  fermentative  action  by  the 
'. ;Sfr&i3i*>r.  oc  hyirv^n  aimI  carbonic  add.     Its  habitat  par  excellence 
IS  ;:.  :}>f  it:'Tr.n:  cc  i})e  abdominal  cavitr,  and  in  the  muscles  of  the 
A'ro.Mn^T.      It  irv!^  dc^i  paae^  inu*  the  blood  till  the  last  stage  of  the 
.i'ljtf^fti^  .V  9kfter  imih.  and  in  that  fluid  it  aasomes  an  aspect  of 
'.n-.ri^.xir-rfcw   V-iyni-  friPOTi^itlT  passing  beyond  the  entire  field  of 
:}>f  '!T.^,T*.>OvV.«r..  ar>d  a  iranslncidiiy  so  great  that  it  often  escapes 
*vt<^^M3*"c;.     WVr^  bom-eTer,  adds  Pasteor.  one  has  once  seen  it, 
;   »T^,  ;^«»s;>r  ":«f  TvXQud    -creeping,  flexnoQs,  and   separating  the 
c^*>^<^.•;^  .'C  iV  Vrj.vv.  as^  a  wrpent  separates  the  grass  in  a  thicket" 
Tr »  T.'.?.-r.*»Sf-  d>w  ri.-^  r:\'e  rise  to  the  formation  of  pus,  but  appa- 
r;-  :/^  TvMA.-kT^^  :t>  vi.-iici  r-r  the  rrodnction  of  an  alkaloid  whidi 
R  '-^^var.  iia>  TiaTr^^^  f«mcT>e.     Tlie  second  form  of  septic  organism, 
.^^Nu-^  :v%.i  >>   Tasa^f^T.  i<  li^f  rvac«iic.     It  is  eWdentlv  identicil 
^  ;>.  :>?f  TT-XT-x-vwrr^v  viirih  forsis  the  |»incipal  subject  of  an  able 
vT».-.  ,:  yy^TrtiC-T^i  T;»:-K*.'jir  TV  IV.  OiCSTon.  of  Aberdeen.     It  is  found 
.r    ^.'h.-    r*$»^   .-£   ^\^£i>is^  arid  ukcxs.   and   in  that  of   abscesses, 
i^r-    ;h     Trx*::::^},^  ir  "w-rj:^.  it  exists  in  the  latter  case  maybe 
*.  ;'»«v^-vj.\\a  rr.Mtr.  riw  f*.-*;  iia*  IV.  iVison.  taking  tlie  average  of  a 
:.5r.T>  V-  ,ic  *cw;Tf»,'^T«v  T^Ci*  TU  ti>eT  sbovcd  close  on  three  million 
»5-.>,>c*,v\v\^  ^^fc  ,'^K\'  ,-r«r.:iTD?-i2Y-.     I::x«  a  drop  of  pus  containing 
;Kaji  aix,\  '^v-xt  '•-,1:  .■yrftkir.'T  «anie  abscwsesto  form.     Destror  the 
,'rsC«4v.7N.Tiw  >»  S."tl';Ty::.  *t  «f''"'fv*:  Txasi  df-roid  of  them,  and  with  pn^wr 
x\:*\*Ari>,vw  x\*«   **.V.  ia»>^  T*.*^  501 A  Twmir     Like  manr  ferment 
,>px«.y.W5j^  :>«««»>   rML"r;3.-T:iar  ixicn.x\x«  are  at  once  aerobic  and 
»»^-^^>.'^- »v-    >*cr   -nr  x.T-.TiS    tibfonarcr^K:  «U>er  in   presence  of  free 
Av*'^::.'^   ,Y   ,-4.T  ,^^  T-,-OT  :x     TVcr  li?tp«  bc^«>erer«  vben  exposed  to 
o.vx-;;^     TV  ,v>;  *  ^  •:^.  r^.-^c*  -Mjf^  aa^  wi>«:  rqit  to  tlie  tess  of  arti- 
'v'.i.    ,%  ..^-aivvr   ,M  >>ivV  '*Jw  ^'•^Txr  H^ir.  ibe  slichtest  aceeas  of 
r'??^'   ..vN-^-.T  *v   ;>;■   r  1.1*1  i?.  iw->.xTk  tii^  aiv  grown  rendeR  the 
\ts;k*is  Tfyv>^    t.iv.vi-yt..i.      Ha'«-:t:j:  tsrii«  aB  aiaii&er  cf  devices  lo 
V,-). >,»■;'     ?v>;.-   .M.-i.^'iTii.v.  rv   .^\r<gv.-a:  St  isss  Idi  umn  a  method 
w  ,v.vv  N  jir*,v.    itW     j^'',^,-*!^     TtkiTu:  a  T^Yts^  es^  be  drilled  a 
..^v  J•^,■  b,»*.  u.**,*vi^-y  ;.K'  aW.  a:  ,-c5f  fcii.  a=)i  tkimgli  it.  byvieaiis 
,-<*  *  x«;i^-«,r  ,>fcv  j.y^^  %>.v.>  hf  'nMjst^£  3:  wr  tc*  tbe  oomt  end  of  the 
■'V\  ^'     :,'AV.v  t  ,->,•«►  /«  -«n>  .viTTAiT.rruc  liKse  niRvvoML     Ifcen 
,v»-.x:«.-^    .Jv    ;r^^   ^';j    aT..>tJ;c.i,-    rrv^jsKLT^,  io  aF  «*  |<g>eat  d* 
w.\>*ss  ,»£  i.^x  .vxr*. :.!««<  r-.-irj  ^  Tj'.-cT.  j>f  nairvme^zt  atasaii' 
*.^•f   Jvto-.^iTTfc-.x.^,-      v\*    .vx':  r^c  r^  afr^r  a  »w  wv«^a.  lie  taad 


Dr.  Charles  Cameron  on  Microbes  in  Fermentation,  iLx.  365 

egg  in  the  same  manner  would  give  rise  to  the  same  results,  and  a 
drop  of  the  albumen  thus  artificially  contaminated  with  the  micro- 
coccus, after  many  artificial  cultivations,  would  give  rise  to  its 
characteristic  formation  of  pus.  Of  course,  pus  can  be  formed 
without  its  intervention,  but  when  it  is  present  the  suppuration 
is  much  more  abundant,  and,  what  is  all  important,  there  alone 
will  the  pus  set  up  fresh  abscesses  wherever  a  drop  of  it,  or  the 
pyogenic  microbe  with  which  it  alx)unds,  may  be  borne  by  the 
circulation. 

But  you  will  prolmbly  think  that  I  have  long  enough  assumed 
the   connection  of  cause   and  effect   as   existing  between   these 
microbes  and  the  diseases  with  which  they  are  found  associated, 
and  that  it  is  time  that  I  should  say  something  of  the  methods 
by  which  it  can  be  proved  that  they  really  stand  to  each  other  in 
that  relation.     You  are  aware  that  microbes  of  various  species 
may  be  foimd  in  the  saliva  and  in  the  secretions  of  the  bronchi 
and  intestines,  even  where  there  is  no  disease,  and  there  can  be 
no  doubt  that  after  death  these  microbes  make  their  way  into  the 
blood  and  tissues  of  the  body,  when  the  microscope  often  reveals 
them.  ^    It  is  not  enough,  therefore,  to  find  bacteria  or  vibrios,  or 
other  microbes,  in  the  fluids  of  the  body,  to  enable  you  to  say  that 
"they  have  had  anything  to  do  with  a  disease.     To  prove  the  rela- 
"tion  of  cause  and  effect  between  a  specific  microbe  and  a  specific 
^iiaease  a  much  more  rigorous  method  of  demonstration  must  be 
<«ulopted.     You  must  not  only  show  that  the  microbe  is  found 
«)880ciated  with  the  disease,  but  that  it  is  always  associated  with 
^t.     You  must  not  content  yourself  with  showing  that  by  the 
inoculation  of  blood  or  serum  containing  the  microbe  the  disease 
^3an  be  produced,  but  you  must  show  that  if  the  microbe   be 
destroyed  or  removed  the  fluids  are  rendered  harmless ;  and  to 
oomplete  the  case  you  should  be  able  to  free  the  microbe  by  arti- 
'ficial  cultivation  from  all  contamination  with  the  fluids  of  the 
disease,  to  grow  it  as  a  simple  ferment  outside  the  body,  and  to 
«how  that,  thus  purified,  when  introduced  once  more  into  the  animal 
eoonomy,  it  gives  rise  once  more  to  the  particular  disease. 

The  process  has  been  most  exhaustively  and  satisfactorily  worked 
oat  in  the  case  of  the  bacillus  atUfvracis,  the  organism  of  the  splenic 
fever  of  cattle.  That  microbe  is  exceptionally  large,  and  it  was 
doubtless  in  consequence  of  this  characteristic  that  it  was  the  first 
to  be  disooyered  and  have  its  importance  as  a  disease  factor  re- 
cognised ;  but  it  is  a  noteworthy  fact  in  connection  with  my  text, 
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defiant  as  theirs  of  ordinary  destnictiTe  agencies.  It  preserves 
its  vitality  for  years,  resists  drying  or  moisture,  cares  nothing  for 
compressed  oxygen  or  absolute  alcohol,  and  can  defy  a  heat  con- 
siderably above  the  boiling  point.  Now,  it  is  a  fact  remarkably 
illustrative  of  the  intimate  natural  connection  between  microbe 
life  within  and  without  the  animal  body  that  it  has  been  shown 
by  direct  experiment  that  if  the  blood  of  an  animal  which  has 
perished  of  splenic  fever  is  mingled  with  earth  (as  where  one  is 
skinned  on  the  field  where  it  has  perished),  especially  if  the  earth 
be  moistened  with  manure  water,  the  bacillus  grows  and  multi- 
plies itself,  and  gives  rise  to  numerous  corpuscle  germs,  which  can 
be  recovered  by  cultivation  many  months  or  years  afterwards,  and 
are  still  capable  of  giving  rise  to  the  disease.  In  fact,  Pasteur 
has  demonstrated  that  it  is  in  this  manner  that  the  disease  is  per- 
petuated in  those  countries  where  it  abounds,  and  has  shown,  in 
the  most  conclusive  fashion,  the  important  part  played  by  the 
earth-worm  in  bringing  to  the  surface  spores  of  the  microbe  from 
the  graves  in  which  animals  that  have  died  of  splenic  fever  have 
been  buried. 

And  now  let  us  glance  at  another  microbe,  the  study  of  which 
has  gone  on  along  with  that  of  the  microbe  of  splenic  fever, 
casting  upon  it  a  light  which  has  led  to  the  achievement  of  the 
most  marvellous  practical  results.  I  refer  to  the  microbe  of  fowl 
cholera.  This  is  a  minute  micrococcus  which,  as  I  have  already 
said,  Toussaint,  who  originally  succeeded  in  cultivating  it  outside 
the  iKxly,  after  a  very  elaborate  experimental  investigation,  declares 
to  be  identical  with  the  microbe  of  the  acute  septic  disease  which 
we  have  seen  artificially  produced  in  the  rabbit.  If  he  be  correct 
— and  certainly  his  facts  look  very  strong — the  genesis  of  fowl 
cholera  is  exactly  similar  to  what  takes  place  in  the  rabbit,  only 
in  this  case  the  micrococcus  is  multiplied  and  freed  from  the  other 
microbes,  which  in  ordinary  putrefactions  struggle  with  it  for  life, 
by  a  process  of  natural  instead  of  artificial  cultivations  on  a  pecu- 
liarly adapted  soil.  The  microbe,  according  to  Toussaint,  exists 
among  a  host  of  others  in  ordinary  putrefactions,  and  swallowed  by 
the  fowl  in  its  food,  when  any  accidental  abrasion  of  mucous 
membrane  exists,  it  inoculates  itself  upon  the  fowl,  multiplies 
itself  within  its  body,  is  excreted  with  its  excrements,  infects  the 
food  and  pebbles  swallowed  by  its  neighbours,  and  in  the  course  of 
a  few  cultivations  finds  itself  in  full  purity  and  virulence  exactly 
as  we  have  seen  it  do  under  a  series  of  artificial  cultivations  on 
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they  may  be  preserved  in  lifo  for  a  very  long  time,  and  will  then 
be  found  to  have  undergone  very  remarkable  alterations  in  their 
mode  of  growth.  Years  ago,  when  discussing  the  results  thus 
obtained,  Pasteur  observed  that  the  law  thus  discovered  would 
probably  be  found  to  extend  itself  to  all  anaerobic  ferments.  What, 
then,  could  be  more  natural  than  that  when  he  ascertained  that 
the  microbe  of  fowl  cholera  multiplied  itself  in  chicken  soup  nearly 
as  freely  as  yeast  did  in  wort,  he  should  conceive  the  idea  of  treat- 
ing it  in  the  same  way,  and  so  testing  whether  a  similar  change 
oould  not  be  wrought  in  its  fermentative  action  ?  He  did  so,  and 
found  that  so  long  as  it  was  afforded  fresh  supplies  of  chicken 
Boup  it  multiplied  itself  as  yeast  does  under  similar  circumstances, 
unchanged,  and  after  a  hundred  successive  cultivations  proved  as 
virulent  as  at  the  first.  But  if  you  allow  it  to  exhaust  the  element 
on  which  it  lives,  leaving  it  at  the  same  time  in  contact  with  the 
oxygen  of  the  air,  a  change  occurs  precisely  analogous  to  that  which 
Pasteur  had  discovered  in  the  case  of  yeast  similarly  treated.  Its 
vitality  as  a  ferment  gradually  diminishes,  and  the  virulence  of  its 
action  when  inoculated  upon  fowls  every  week  becomes  less  and 
less  marked.  Now,  in  his  yeast  experiments,  Pasteur  had  found 
the  necessity  of  securing  his  microbe  in  a  state  of  absolute  piuity. 
While  its  life  is  vigorous,  its  superior  energy  enables  it  to  triumph 
over  any  parasites  with  which  it  may  be  contaminated,  and  to  kill 
them  or  restrain  their  development  by  forcibly  seizing  upon  the 
elements  which  they  require  for  their  growth.  But  when  its 
vitality  is  weakened,  if  these  parasites  exist  they  come  to  the  front 
and  kill  off  the  yeast  Now,  we  know  that  the  living  body  is  made 
up  of  living  cells,  and,  when  a  ferment  is  introduced  into  it,  then  a 
contest  for  existence  at  once  aris(is  between  them  and  it.  Had 
Marix  in  the  experiment  I  have  referred  to  made  use  of  yeast 
enfeebled  by  the  treatment  just  described,  I  have  no  doubt  he 
would  have  found  that  he  could  have  injected  much  larger  doses 
than  he  did  without  fatal  resulta  In  the  struggle  for  life  the 
weakened  yeast  would  have  gone  to  the  wall,  just  as  the  fresh 
yeast  did  when  an  insufficient  dose  was  set  to  work  against  the 
combined  forces  of  all  the  blood  globules  and  other  cells  of  the 
body.  Now,  this  is  precisely  what  did  occur  when  the  microbe  of 
fowl  cholera,  enfeebled  by  prolonged  starvation  in  oxygen,  was 
introdnoed  into  the  circulation  of  healthy  fowls.  The  energy  of 
the  organic  cell-life  within  them  was  sufficient  to  achieve  over  it  a 
victory  more  and  more  easy,  precisely  as  it  was  less  or  more 
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ii»-  -  "^^--rr  j-r-j^dmi  sif  "siHsr  miTurk!  forrsf  are  or  are  not  saffi- 
•  v,-:  -  ^r— -;^  -  r-T*rr^iiH  tiif  uusf  of  "ihr  microl*  which  has 
:;  T'  •-  :  '—X  •  jciT  ::.T.  "ij^ejr  «7TceiL  Aua  a^  h  is  fvynnd  under 
'r*  ■.:r..-^j4r.'^»?  -  v—'-'n<.-^  :iJ"-rani.  t!a:  lii-  frs^m  of  the  animal 
%'Z..  :  '^•r  •'^  Ha?  inia-rrx*--  <&jnK  ••'»>«.-' ^^  which  renders  it  onapi 
1/  -  ■  :'^"^  zi-  d>esfc**  fr  5i-.*.iii£  iimf-  >:  ii  ih.-ee  w-hirh  recoTe: 
ir.^Ti  T^  j.~"- :  ui.*-^  ~r-cf  rr  w»  f.-»'j::i£  liiai  a  like  e^ect  had  been 

T-i  •::.:.:_  i.^  ^--.i^^-si*!*  ^:  ibf  iiirrxie  of  splenic  fever, 
F:£=^- :.-  :-*  -  sL-^r  "LLi-  L  g^  -zw  r^iziraf  c  trsainrriit  in  its  case 
7T- v:-  -•.  -^:...j^-  -^^-..--s  Zi  T>:^  leskurr  -.-lirebied  •:*■  attenuated, 
M-  \- -.:  :;  r.Ti  ,r^T*.-'  TCdLrr  anf  wisfc:  tins  attenuated  ia 
i2«o:_.:T  .:  :.":«."c  ?,:••'-•:  :r  .TfcTL?;  ■:c>£"L-"ei  rrecis^elT  analoeoiu 
-*5"  :.<  ri»*  .:  :•  .rs^a*:  .c  nj*  TO-T-r-r^r  lif-re  is  an  important 
i3- -^ ;  >  \- :.'.'*  r"*f*"L7  j.iirs'Si^t*  tii*  Tfc.T'^TT  with  which  we  can 
s't-:.  .: -s:^^  -s  c  T*  rTTvz/ni^-i  f^m  £5  &  rcv-tective  Ac^ainst  liie 
£::>.■  je*-  >.<  "  r.> '  >L.^i  y:-^  .^%z^  ij  -^r^'^-^g  the  trmpenitare 
.c  '>  .  ■_  ^  ^~' c.  ::  ^'_.  .-•:.  T*:-.  tirf  :^  r-x^  cif  sj^lenic  fever  to 
^  :."■  ::N:-.."r     *:    •    :  -  rscoc  re  jctj-res^     Iz  c-rder  to  secure  the 

S:-.  >v  --:::*-  .:  ->  t -or-sssLrr  thk:  ::  sho>:dd  mnltipiv  itself 
:-  :>!>.  ■:.  •_:  :  .I  yfiric  iir-cnkMc  tc  aziv  wqTiired  decree,  it  is 
A^.  vtv  :^v\.-^     Ts  <cvef^  "liesse  stocks  retain  precisely  the 

T»  ^ :  •  i>  r  .-::•:.::  r.'i.r.vs  «^l3ci.  lirT  hiv*  inirrited  from  their 
vT--    ..iT:-.     :.-^-:.. '  .'^  ..  i::  i.  ::■  .r:is^  azii  rrccar-lv  veais  afterwards 

m  mm 

w  >-.-.«:..-  :j:.r  sT»:r.vs  ^i-]i  ffr=iT--:at:vif  iK>wers  attenuated 
■•.  ::-:  ^--..-  -T,:-^*:.  A-.:.  *  h*:  re-Srrsiiis  rtct  the  mcve  remark- 
i  >.  : .  •:  :  >  :  \i.-:.'.  .i  i.^.vc-.l  w-.ii  i=.'::c-rr  fict  discovered  by 
Fis: :  ir  'r>  . .  ■  :>::c^. ::•:■?.  :z  zz-:  T-*fcs:  r  JLii — rAmelv,  that  wiien 
>':...-.::•.•.  :.'  i  t  -y  ..-  :-_^;-i  -.r.^ftrss  cf  sc&rv'^tiaQ  in  contact 
w:: :  i.  ^r.  :7>  :-:l>  .r-'T.-w-in-:  .-L^n,??*  v^erv  <iaiilAr  to  thoae 
-••->:  •  >.••  ".y  K:>:>i  :  'iijj^  -.T*  >rccTiliai:rL  azid  ih^t.  when  then 
■-  :.:•.:  ■_-  :r:s2i  w  r:.  z'z^-:  ji^ksz  re*-^*iiL^  Mss-frsssed  duracteria- 
::.-  v_:  j;:*:.-  v.sri::::  fr;-  -.le  >r*:c:-es  oc"  niicx»be  from '^riiich 
i^-z  •■-  :  *  •  .'»■:■-  •  r;  xiu: ji :  -  i  t  i  -  r.  v ei .  A^ain.  as  the  fennentatiTe 
'•■'-*•-'  *  "It  i".:viikZr'\  y  ±<'  -.'.An:  .-skr.  r;tr  rv>:or«i  hy  cnhiTation 
"ir.  L-er  :it^: :::::: fi.ei.vs  fi  ■  .ur^re  :c  ::s  irrowrh,  so  the  attenuated 
Eii'.-r-  >.r  .f  srl-:.:.:  ffv-r  .".Tivitcxi  en  newiy-Uim  guinea  pigft.or 
'h-T  ^':'r::'i±>:\i  :Li:ri:>r  .f  row  I  ^rLo'^fra  cultivated  on  small  bndi^ 
15  rAci'Ly  r*:b-'i:a:rii  in  il!  itsi  original  destmctiveiiesB  to  amnftl 
life.      I-:  -hr  xcr^  cf  -h-e^st*  ir.v«:ti-ations  other  modes  of  cutaiK- 
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ing  these  microbes  of  their  powers  have  been  discovered.  Toussaint, 
for  example,  found  that  by  heating  blood  containing  the  baciUus 
oi  splenic  fever  up  to  a  certain  point  he  so  enfeebled  those  of  the 
organism  that  survived  that  on  inoculation  the  blood  so  treated 
sometimes  gave  rise  to  a  mild  protective  form  of  the  disease, 
dmilar  to  that  which  Pasteur  had  secured  bj  his  system.  Tous- 
udnt's  method  was,  however,  uncertain.  Sometimes  the  microbes 
w'ere  all  killed,  when  no  protection  was  afforded  ;  sometimes  they 
ivere  not  sufficiently  scotched,  when  a  fatal  result  ensued.  Again, 
SfM.  Arloing,  Comevin,  and  Thomas  have  discovered  that  by 
LDJecting  carefully-restricted  doses  of  the  microbe  of  the  Maladie 
ie  Chabert  (a  disease  for  a  long  time  confounded  with  splenic 
fever),  direct  into  the  blood  current  of  cattle,  precautions  being 
taken  to  prevent  all  contamination  of  the  solid  tissues  in  the 
process,  they  can  produce  the  same  protective  result.  On  the 
other  hand,  the  smallest  infection  of  these  tissues  with  the  organism 
may  give  rise  to  the  disease  in  its  worst  form. 

How  are  we  to  account  for  the  diflference]  More  than  one  theory 
has  been  advanced,  but  it  is  probably  premature  to  generalise,  for 
different  disease  ferments  seem  to  act  very  differently  under  the  same 
circumstances.  Thus  Chauveau  found  that  by  injecting  vaccine 
into  the  circulation  of  the  horse  he  produced  a  generalised  eruption 
instead  of  the  strictly  local  one  produced  by  ordinary  inoculation 
with  the  virus.  Different  disease  microbes  will  doubtless  be  found 
to  develop  greater  vitality  in  different  fluids  and  tissues,  precisely 
as  different  ferment  microbes  are  known  to  thrive  best  in  different 
media  of  cultivation.  My  object  has  been  to  trace  the  intimate 
connection  which  exists  between  the  processes  of  fermentation  and 
disease,  but  as  yet  I  have  said  nothing  of  the  products  of  fermen- 
tation in  disease.  That  such  products  are  formed  there  can  be  no 
doubt,  but  their  production  is  complicated  with  so  many  other 
vital  reactions,  and  their  operation  so  masked  by  other  vital 
phenomena  that,  so  far,  very  little  is  known  regarding  the  extent 
or  nature  of  their  action  in  disease.  The  microbes,  multiplying 
themselves  in  the  body  by  millions  and  tens  of  millions,  as  they 
are  known  to  do,  must  materially  interfere  with  the  comi)osition 
and  aeration  of  the  blood.  By  their  size,  or  by  the  peculiarities  of 
their  growth,  they  may  block  up  the  capillary  circulation  in  vital 
organs,  and  produce  death  by  some  mode  altogether  unconnected 
with  the  product  of  their  fermentation.  Thus  the  yeast  injected 
in  Manx's  experiment  deprived  the  blood  of  every  trace  of  sugar, 
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doubtless  with  the  production  of  alcohol ;  but  no  alcohol  was  dis- 
covered in  the  analysis,  and  it  probably  played  a  very  secondary 
part  in  the  causation  of  death.  That  the  microbes  of  disease  may 
give  ris(^  to  distinct  ferment  products  outside  the  body  is  shown 
by  the  fact  that  the  fluid  in  which  the  microbe  of  fowl  cholera  has 
been  cultivated  is  impregnated  with  a  new  narcotic  product,  and 
that  when  freed  from  the  microl>e  by  filtration  and  injected  into 
healthy  fowls,  this  product  gives  rise  to  temporary  symptoms  of 
narcotism,  exactly  similar  to  those  which  in  the  natural  disease 
constitute  a  very  prominent  feature.  Certain  of  the  microbes  of 
putrefaction,  too,  in  the  course  of  their  development  outside  the 
body  give  rise  to  an  alkaloid — sepsine — to  which  I  have  already 
referred,  which,  as  a  poison,  produces  the  same  symptoms  observed 
in  certain  fonns  of  septic  disease. 

Did  time;  permit  I  might  adduce  other  examples  of  a  similar 
kind,  but  it  would  serve  little  purpose;  for,  though  the  importance 
of  the  study  of  this  phase  of  microbe  life  is  now  recognised,  that 
study  is  as  yet  m  its  infancy.     You  will,  however,  with  myself, 
be  inclined  to  think  that  I  have  already  trespassed  upon  your 
patience  at  too  gieat  length.     I  have  by  no  means  exhausted 
the  subject,   nor  have   I   been  able   even   to  touch   upon  some 
very  interesting  points  in   connection  with  it.     My  object  has 
been  to  trace  in  fuller  detail  than  I  have  yet  seen  done  the 
intimate  connection  between  the  processes  of  fermentation  and 
disease,  and  to  illustrate  what  has  agam  and  again  been  insLsted 
on  by  Pasteur  in  France  and  Tyndall  in  this  country,  that  to  the 
right  understanding  of  the  nature  and  processes  of  the  one  the 
study  of  the  nature  and  processes  of  the  other  is  an  indispensable 
requisite.     I  am  fully  aware  that  I  have  done  but  scanty  justice 
to  my  theme,  but  we  have  considered  together  a  number  of  the 
characteristics  possessed  in  common  by  microbes  of  fermentation 
and  disease.     We  have  seen  how  organisms  which  habitually  give 
rise  to  the  process  of  fermentation  may,  when  transferred  to  the 
inteiior  of  the  living  body,  give  rise  to  the  phenomena  of  a  specific, 
though  artificial,  disease.     We  have  seen  that  the  mixed  ferment 
organisms  of  ordinary  putrefaction,  by  a  series  of  animal  reagents, 
can  be  separated  into  their  component  speciea     We  hare  seen  in 
fowl  cholera  a  disease,  dependent  on  a  ferment  microbe,  probably 
to  be  everywhere  met  with  in  ordinary  putrefactions.     We  haw 
seen  how  that  microbe  can  be  spontaneously  separated  from  iti 
fellows  and  brought  to  a  state  of  wonderful  purity  and  deadliiMBft 
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by  cultivation  within  the  animal  body,  and  how  when  in  this  state 
transferred  onoe  more  from  a  li^-ing  to  an  artificial  soil  it  again 
comports  itself  precisely  like  the  ferment  cell  of  ordinary  yeast, 
multiplying  itself  by  fission  and  producing  a  narcotic  poison  as 
'Chat  produces  alcohol,  becoming,  like  it,  enfeebled  by  prolonged 
starvation  in  presence  of  oxygen,  but  caf«able,  Vjy  proper  treatment, 
^>f  being  once  more  revived  into  its  full  pristine  activity.     We 
liave  seen  the  bacillus  of  splenic  fever  with  its  natural  liobitat  in 
WL  living  soil,  yet  capable  of  life  and  multiplication  in  earth,  and 
susceptible   of  artificial   cultivation    in    yeast   water   and   other 
oi^anic  solutions,   manifesting   the  same   enfeeblement   as  yeast 
'binder  prolonged  exposure  to  oxygen,  and  capable  of  restoration 
tx>  its  original  virulence  by  analogous  methods.     We  have  seen 
liow,  inspired  by  the  suggestive  study  of  a  fermentation.  Lister 
thought  out  his  antiseptic  system,  and  Davaine  first  discovered 
that  a  microbe  was  the  cause  of  a  disease.     We  have  seen  by  what 
obvious  and  intelligent  steps  Pasteur  was  led  by  the  results  of 
experiments  on  yeast  plants  to  his  procetis  for  attenuating  the 
microbe  of  splenic  fever,  and  his  discovery  of  a  prt»ventative  against 
a  most  formidable  disease.     Had  time  permitted  I  should  have 
liked  to  have  said  something  about  the  mic-rol>es  descnlxnl  as  asso- 
ciated with  other  diseases.     I  should  especially  have  wished  to 
refer  to  the  proofs  which  Professor  Villeniin  has  adduced  to  show 
that  tuberculosis  is  a  disease  of  microbic  origin — what  different 
microbes  have  been  said  to  have  Ijeen  discovered  in  connection 
with  it,  and  how  Toussaint  appears  at  length  to  have  discovered 
the  right  one,  and  has  found  it  to  increase  in  \4rulence  under 
artificial  cultivation.     I  should  have  liked  to  speak  of  the  extraor- 
dinary and  important  results  reported  by  M.  Talamon  in  connection 
with  diphtheria^  which  only  require  confirmation  by  independent 
observers   to   render  that  formidable  scourge   one  of  the   most 
thoroughly  understood  of  our  diseases.     I  should  have  liked  to 
point  out  the  manner  in  which  the  whole  subject  has  been  shown 
to  bear  upon  the  mysteries  of  hydrophobia,  these  again  upon  the 
nature  of  the  poison  of  snake-bites  and  the  possibility  of  their  cure, 
and  that  again  upon  the  existence  of  an  unsus|)ected  poison  in 
human  saliva.     One  might,  in  £Eu;t,  advert  to  all  these  and  many 
more  topics,  pregnant  with  promise  to  the  future  of  medicine  and 
humanity,  and  yet  leave  the  subject  imexhausted,  with  much  still 
to  be  said  about  the  part  played  by  microbes  in  fermentation, 
putrefaction,  and  disease. 
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VI.  —  On  the  Present  State  of  Opinion  as  to  Animal  Electricity,  By 
J.  McGregor-Robertson,  M.B.,  M.A.,  Muirliead  Demon- 
strator of  Physiology  in  the  University  of  Glasgow. 


[Read  before  the  Society,  18th  January,  1882.] 


It  was  in  1786  that  the  theory  of  aninial  electricity  had  its  birth, 
under  circumstances  of  little  apparent  significance.  The  wife  of 
Galvani,  Professor  of  Anatomy  and  Physiology  at  Bologna,  was 
engaged  in  the  essentially  domestic  duty  of  preparing  her  husband's 
dinner,  he  being  at  the  moment  experimenting  in  the  neighbour- 
hood with  a  frictional  electrical  machine.  It  was  observed 
that  the  frogs'  legs,  which  Madame  Galvani  was  preparing,  con- 
tracted spasmodically  when  a  spark  was  emitted  from  the  machine, 
if  a  metallic  substance  happened  at  the  moment  to  touch  them. 
Galvani  supposed  the  convulsions  to  be  due  to  electrical  conditions 
of  the  air,  and,  to  verify  this,  suspended  several  frogs'  legs  by 
copper  hooks  from  the  iron  balcony  of  his  house.  When  the  frogs 
were  blown  against  the  railing  by  the  wind  he  observed  the  oon- 
ti-actions.  He  concluded  the  contractions  to  be  due  to  an  electrical 
current  in  the  frogs  themselves,  which  stimulated  the  muscles  as 
soon  as  a  circuit  had  been  established  by  means  of  the  metallic 
conductors.  He  showed  that,  by  connecting  the  nerves  of  the 
lumbar  region  of  the  frog  witli  the  muscles  of  the  thigh  by  means 
of  an  arc  composed  of  two  dissimilar  metals,  a  contraction  was 
produced  on  each  contact.  These  ^results  were  communicated  to 
the  Institute  of  Bologna  in  1791,  in  a  paper  entitled  "Aloysii 
Galvani  de  viribus  Electricitatis  in  motu  musculari  Commentariua" 
Alexander  Volta,  Professor  of  Physics  at  Pavia,  proceeded  to 
investigate  the  subject,  and  the  results  of  his  examination  led  him 
to  conclude  that  the  cause  of  the  convulsions  was  not  an  inherent 
electrical  current  but  the  contact  with  the  moist  tissues  of  two 
dissimilar  metals.  Aldini,  nephew  of  Galvani,  supported  the 
natural  current  theory,  and  a  new  fact  was  added  to 
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argument — viz.,  that  no  metal  was  necessary  to  produce  the  con- 
traction, all  that  was  needed  being  the  establishment  of  a  circuit 
l)etween  nerve  and  muscle,  which  was  obtained  by  allowing  the 
nerve  to  fall,  in  a  particular  manner,  on  the  muscle  to  which  it 
^was  attached.     Yolta's  discovery  of  the  voltaic  pile  seemed  for  a 
'time  an  unanswerable  argument  in  favour  of  his  view.     Aldini 
<x>ntinued  to  defend  Qalvani's  results,  and  travelled  through  Eng- 
land and  France  demonstrating  his  experiments,  receiving,  as  one 
sretum,  a  gold  medal  from  Guy's  Hospital,  London,  in  1803.     In 
spite  of  this,  however,  the  idea  of  animal  electricity  did  not  find 
any  vigorous  support  till,  in  1827,  Nobili,  employing  a  galvano- 
meter constructed  on  the  astatic  principle,  showed  a  current  in 
the  frog  passing  from  the  feet  to  the  head.     In  1841  Professor 
"Matteucci,  of  Pisa,  constructed  what  he  called  a  muscular  pile, 
by  arranging  end  to  end  a  number  of  frogs'  thighs,  from  which  a 
pretty  strong  current,  passing  upwards  in  the  thigh,  was  obtained. 
In  the  same  year  Professor  Emil  du  Bois  iteymond  proceeded 
thoroughly  to  investigate  the  truth  or  falsity  of  the  current  theory, 
and  succeeded  in  placing  it  on  a  satisfactory  and  exact  basis.    For 
the  purpose  of  indicating  the  current  he  used  a  reflecting  galva- 
nometer of  extreme  sensibility,  whose  oscillations  were  controlled 
by  a  magnet  in  its  vicinity.     The  very  sensitiveness  of  the  galva- 
nometer is,  however,  one  of  its  chief  sources  of  error.     If  the  ends 
of  the  galvanometer  wires  be  connected  with  two  wires,  say  of 
copper,  the  ends  of  which  are  immersed  in  a  conducting  fluid,  a 
deflection  of  the  needle  at  once  indicates   a  powerful   cun-ent, 
because  the  two  wires  are  not  in  an  absolutely  similar  electrical 
state ;  or  if  the  wires  be  directly  connected  with  the  tissue  to  be 
examined,  another  powerful  deflection  occurs,  because  electricity 
is  evolyed  at  the  point  of  contact  of  the  wires  and  the  moist  tissue. 
Du  Bois,  at  the  outset,  therefore,  found  it  necessary  to  devise 
some  sort  of  conductor  which  would  not  itself  generate  a  current. 
He  employed  as  electrodes  two  troughs  made  of  zinc,  and  insulated 
by  vulcanite.     The  inner  surface  of  the  trough  is  carefully  amal- 
gamated, and  the  outer  surface  lacquered,  Fig.  1.    Into  the  trough  is 
poured,  as  a  conducting  fluid,  a  saturated  solution  of  pure  sulphate 
of  zina     Pads  formed  of  several  folds  of  blotting  paper,  saturated 
with  the  zinc  solution,  are  next  arranged  in  the  troughs,  in  such  a 
fashion  that  part  of  the  pad  dips  into  the  trough  and  part  projects 
over  its  lip,  the  projecting  part  being  terminated  by  a  sharp  pcr- 
pendicular  section  6.  If  now  the  tissue  were  placed  on  this  conductor, 
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the  solution  of  zinc  would  attack  it  and  vitiate  any  result.  There 
is  still,  therefore,  I'eqiiired  something  which  ahall  protect  Uie 
muBcle  or  other  Bubstance  from  the  chemical  action  of  the  zinc,  and 
still  act  as  a  conductor  of  any  current  that  may  be  present.  This 
is  supplied  by  a  small  thin  plate  of  moulder's  clay,  P,  moistened 
with  a  ^  to  I  %  sol.  of  common  salt,  which  is  laid  on  the  blotting 
paper.  A  bent  plate  of  gutta-percha  t,  fastened  to  the  tron^  by 
an  elastic  band,  keeps  the  blotting  paper  in  position.  These  ore 
Du  Boia  Reymond's  non-polarizable  dectrodes.     If,  now,   these 
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troughs,  having  been  pre])ared  with  sufficient  ca)*e,  are  brought 
into  connection  with  the  galvanometer,  the  needle  should,  by 
remaining  stationary,  show  no  signs  of  current.  The  tissue  to  be 
examined  is  now  aiTonged  so  that  port  of  it  is  touching  the  olay 
pa<l  of  one  electrode  and  part  the  clay  of  the  other.  If  a  corrait 
be  present  it  is  indicated  by  a  movement  of  the  beam  of  light 
reflected  from  the  mirror  of  the  galvanometer. 

To  determine  in  what  direction  that  current  may  be,  a  pivlimi- 
nary  observation  is  necessary.  To  one  wire  of  the  galTanometer  a 
piece  of  zinc  is  bound,  and  to  the  other  a  piece  of  copper.  The 
two  being  placed  in  circuit,  a  cnrrent  is  produced,  and  the  beun 
of  light  moves  in  a  particular  direction.  The  copper  being  positive 
to  the  zinc,  you  can  tind  in  which  direction  the  beam  of  light  will 
move  if  a  jiarticular  wire  is  the  positive.  The  non-polaruahle 
electrode  to  which  this  ^vire  is  connected  is  carefully  noted,  and 
one  can  then  always  tell  in  which  direction  the  needle  most  swing 
if  this  be  the  positive  electrode.  Into  the  circuit  of  Uie  electrode 
and  galvanometer  is  placed  a  small  resistance  box  or  shunt,  grsda- 
ated  for  the  particular  galvanometer  used.  It  is  so  i 
that  one  of  the  brass  plugs  may  be  placed  in  one  of  four  d 
positions.     If  in  one.  the  current  is  short-circuited,  and  none  can 
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pass  to  the  galvanometer ;  if  in  another,  a  10th  part  of  the  total 
amount  of  current  in  allowed  to  pass ;  or  in  other  positions,  100th 
or  1000th — ^the  remainder  being  returned  to  the  electrodes.  With 
the  aid  of  such  an  arrangement,  Du  Bols  Re3nnond  obtained  a 
current  from  the  inactive  muscle  of  the  frog  equal  to  from  0*035 
to  0*075  of  a  Daniel.  This  maximum  effect  was  obtained  when  a 
muscle  of  the  frog,  one  with  as  parallel  fibres  as  possible  (semi- 
membranosus, or  gracilis),  was  removed  from  the  body,  and  so 
placed  on  the  electrodes  that  one  clay  pad  touched  the  centre  of 
the  longitudinal  surface  and  the  other  the  centre  of  a  carefully- 
made  transverse  section.  This  current  is  directed  in  the  muscle 
from  the  transverse .  section  towards  the  longitudinal  surface — 
that  is  to  say,  it  i)asses  otU  of  the  muscle  by  the  longitudinal 
surface  and  returns  to  the  transverse  section.  The  rule  so  formu- 
lated is — The  Umgitvdinal  surface  is  positive  to  the  transverse 
sectiony  which  is  negative,  A  point  in  the  equator  of  the  longi- 
tudinal surfiEkce  is  most  positive,  the  axis  of  the  transverse  section 
is  most  negative.  As  you  proceed  from  the  equator  towards  either 
end  of  the  surface  the  positivity  diminishes,  and  as  you  proceed 
from  the  axis  of  the  section  towards  the  circumference  the  nega- 
tivity diminishes.  To  put  this  in  another  way — On  tlie  longitudinal 
surface^  a  point  ai  a  distance  from  Hie  equcUor  is  negative  to  a  point 
marer  to  it;  on  the  tratisverse  sectioUy  a  point  at  a  distance  from 
the  cuds  is  positive  to  a  point  nearer  to  it.  If  two  points  are  taken 
on  the  longitudinal  surface  of  a  regularly-formed  muscle,  one  on 
each  side  of  the  equator,  and  both  equidistant  from  it,  these  two 
points  are  iso-electrical  as  regards  one  another,  and  show  no  current, 
and  similarly  with  two  points  on  the  cross  section  equidistant 
from  the  axis.  Fresh  cross  sections  may  be  made,  and  fresh  longi- 
tudinal surfaces  may  be  formed,  still  the  muscle  cylinder  exhibits 
the  same  phenomena,  and  that  whether  the  surfaces  have  been 
formed  by  cutting,  heating,  action  of  acids,  or  simply  by  drying  of 
the  exposed  surface.  In  the  last  case,  the  layer  of  dead  tissue  on 
the  surface  acts  as  an  indifferent  conductor,  and  leads  the  current 
fKroduced  in  the  living  portions  beneath  it. 

In  the  case  where  the  cross  section  has  been  made  oblique,  Du 
Bois  showed  that  the  greatest  positive  tension  is  towards  the 
obtuse  angle,  the  most  negative  point  towards  the  acute  angle — 
ie.y  a  point  in  the  neighbourhood  of  the  obtuse  angle  is  positive 
to  a  point  in  the  neighbourhood  of  the  acute  angle,  even  though 
both  were  equidistant  from  the  equator.     These  have  been  called 
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"  inclination  curi-ents"  ("neigungsstrome").    The  relative  electrical  M^-m 

condition  of  difftireDt  points  is  best  InTestigated  by  a  modification  f  :r«i 

of  the  noti-poUrized  electrodes  made  by  Du  Bois  himsell      A  _4^^. 

flattened  tul)e  of  glass,  r  (fig.  3),  contains  a  alip  of  amalgamated  zinc  _=>.r 


The  end  of  the  tube  is  closed  by  a  moistened  piece  of  clay,  the  parL*  *  , 
projecting  from  the  tube  being  pressed  to  a  point  t,  and  the  tube  is^*  ' 
then  filled  with  zinc  solution.  The  zinc  is  fastened  to  a  brass  ^**^ 
support,  to  which  a  wire  is  led.  (See  Diagram.)  The  fine  day  "'^'^ 
points  con  then  be  placed  on  any  desired  part  of  the  muscle.  As  ^'^ 
the  muscle  preparation  slowly  dies,  the  amount  of  current  dimi-  ■— -*^ 
nishes,  till,  on  the  advent  of  rigor,  it  disappeaiB.  In  r^;ard  to  ^^^' 
temperature,  freezing  and  a  high  temperature  also  abolish  it,  bat  ~^ 
with  moderate  degrees  of  heat  it  increases. 

Differences  of  temperature  produce  E^oecially  strong  currents,* 
a  warmer  [lart  being  positive  to  a  colder,  the  difierenoe  between        *^ 
the  two  connected  points  being  alone  infiuential,  and  the  condition        *^^ 
of  the  parts  lying  between  being  unimportant. 

A  method  of  accuiately  determining  the  amount  of  current  ^ 

obtained  from  muscle  or  other  tissue  was  devised  by  Poggendorff  ' 

An  improved  form  of  the  arrangement,  by  Da  Bois  Reymond,  is 
shown  on  the  accompanying  diagram.  Fig.  3. 

The  idea  of  the  arrangement  is  to  send  through  the  galvanometer, 
B,  the  maximum  strength  of  current  obtained  from  the  timnej  H, 
placed  on  the  electrodes,  T,  and  then  to  send  from  a  Daniel's 
cell,  K,  but  in  an  opposite  direction,  a  portion  of  current  aofficieDt 
to  counterbalance  tlio  tissue  current  The  needle  is  thns  subjected 
to  two  forces,  equal  in  amount  bat  opposite  in  direction,  and  it 
therefore  swings  back  to  zero,  its  remaining  there  indicating  the 

*  Hermuiii,  Hutdbuch  der  Phyaiologie.     1879.     Bd.  I.    Th.L  8.1M>  . 
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balance  of  the  two  forces.  By  the  arrangement  the  amount  of 
eorrent  &om  the  Daniel  employed  can  be  regulated  at  will,  and 
can  be  exactly  estimated.  It  therefore  becomes  a  measure  of  the 
force  it  counteracts.     This  is  called  the  compensation  method. 

From  the  Daniel,  K,  wires  proceed  to  the  binding  screw  a  and  b  at 
each  end  of  the  long  compensator,  which  consists  of  a  stretch  of 
platinum  wire  of  uniform  thickness.  A  slider,  bearing  a  platinum 
point,  c,  to  make  contact,  is  movable  up  and  down  the  wire.  From 
one  binding  screw  of  the  compensator  a  wire  proceeds  to  one 
terminal  of  the  galvanometer,  through  a  commutator,  C,  the  other 
terminal  being  connected  with  the  slider  also  through  the  com- 
mutator. 

The  Darnel's  cell  and  the  platinum  wire  of  the  compensator  may 
be  considered  as  the  main  circuit,  and  the  galvanometer  circuit  as 
a  branch  from  it  The  current  from  the  Daniel  may,  therefore, 
pass  straight  along  the  compensator  and  back  to  the  cell,  or  a 
portion  may  start  from  the  binding  screw  a  through  the  galvano- 
meter, and  regain  the  compensator  by  the  connection  with  the 
slider  at  c.  The  strength  of  this  portion  will  depend  on  the  resistance 
in  the  branch  cireuit.  By  varying  the  position  of  the  slider  the 
relative  amounts  of  resistance  in  the  main  circuit  and  its  branch 
are  altered,  and  so  a  stronger  or  weaker  current  can  be  sent  through 
the  galvanometer  from  the  Daniel,  according  as  the  slide  is  nearer 
b  or  a. 


Fig.  3. 

The  distance  between  a  and  c  is  read  off  by  means  of  a  mille- 
metre  scale  placed  beneath  the  platinum  wire,  and  since  the  wire 
is  r^pilar  throughout  the  distance,  a  c  is  a  measure  of  the  resist- 
ance, and  .*.  a  measure  of  the  amount  of  Daniel  sent  through  the 
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galvanometer.  Sy  means  of  the  commutator  the  Daniel  current 
con  be  sent  through  the  galvanometer  in  one  direction  or  aaother. 
Thus  a  current  from  the  Daniel,  whose  amount  can  be  measured, 
can  be  sent  through  the  galvanometer  equal  in  amount  and  opposite 
in  direction  to  the  current  from  the  muscle,  the  one  compensating 
for  the  other. 

The  observations  made  by  Du  Bois,  already  mentioned,  are  seen 
i  n  resting  muscle.  If  the  muscle  has  been  prepared  with  the  nerve 
attached,  and  if  the  nerve  be  stimulated   so  as  to  t«tanise  the  • 

muscle,  a  marked  diminution  in  the  muscle  current  is  observed,  « 

and  the  needle  swings  back  a  considerable  distance.     Sometimes  ^ 

the  diminution  =  40  %  of  the  original  current  This  is  called  the  ^3 
negative  variation  of  the  muscle  current.  If  the  tetanus  be  con-  — - 
tinued  the  diminution  Ijecomes  less  marked.  On  its  cessation  the  '^^ 
needle  swings  back,  but  never  quit«  up  to  its  original  position  -^^ 
when  the  current  of  the  resting  miisole  affected  it 

Du  Bois  explained  these  tacts  by  supposing  that  a  muscle  was  ^a* 
formed  of  a  number  of  dipolar  or  tripolar  electro-motive  molecules  ^^ 
suspended  in  a  conducting  fluid,  their  positive  sides  towards  the  ^^ 
surface,  negative  towards  the  transverse  section.  He  thought  the  ^^ 
negative  variation  was  due  to  a  reairangement  of  the  moleculea 

In  the  accompanying  tigure  H  shows  the  dipolar,  and  L  the  "^ 
tripolar  arrangement — the  darkly  shaded  portions  of  the  circlea  '* 

I'epresentiiig  the  negative  parts, 

0  D^BID  B^^^^^^^ 


Du  Bois,  in  his  earlier  exi>eriments,  thought  he  obtained  a 
current  from  an  uninjured  muscle — ^t.e.,  from  one  whose  longita- 
dinal  and  transverse  sections  were  natural,  and  not  artificially 
produced.  Later,  however,  he  discovered  that,  if  special  [xwan- 
tions  had  been  taken  not  in  the  slightest  degree  to  injure  the 
muscle,  no  stream  was  obtained  in  the  resting  state,  though  on 
the  production  of  t^'tanus  the  uBiial  negative  voriatioQ  was  obeorved. 
If  a  stream  were  obtained  whtm  the  muscle  was  at  r«at  it  vm 
seriously  diminished  in  amount,  and  might  even  be  in  a  dinetion 


/ 
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quite  oontraiy  to  the  usual  Du  Bois  explained  this  by  supposing 
that^  in  the  uninjured  muscle,  the  tendinous  end,  which  is  the 
natural  transverse  sur&ce,  contains  a  layer  of  electro-motive  mole- 
cules, with  their  poles  reversed,  so  that  their  positive  sur&oe  is 
towards  the  transverse  section.  This  layer  he  called  the  Parelec- 
tronomic  layer,  and  on  removing  it  by  making  an  artificial  cross 
section,  the  full  muscle  current  is  obtained. 

This  layer  with  reversed  poles  is  represented  in  the  figui^  by  P, 
while  N  represents  the  arrangement  in  an  oblique  section,  giving 
rise  to  the  '*  inclination  currents." 

These  views  of  Du  Bois  have  found  an  op|)onent  in  Professor 
L.  Hermann,  of  Ziiiich,  who  concludes,  from  many  carefully-made 
observations,  that  in  the  absolutely  uninjured  frog's  muscle  there 
is  no  current.  He  believes  that  the  current  is  the  result  of  injury, 
causing  death  of  a  small  part  of  the  muscular  fibre,  and  so  producing 
difference  of  potential.  In  support  of  his  views  he  adduces  many 
arguments  and  observations.  There  are  few  muscles  which  can  be 
prepared  without  some  slight  injury,  since  in  the  majority  of  cases 
some  fibres  pass  out  from  the  muscle  to  be  attached  to  the  skin,  and 
in  stripping  off  the  skin  these  fibres  are  torn,  and  an  artificial  cross 
section  produced.  Du  Bois,  therefore,  tried  to  obtain  the  current 
firom  the  muscle  in  situ — i.«.,  without  stripping  off  the  skin — but 
found  in  the  frog  strong  skin  currents  directed  from  without 
inwards,  which  interfered  with  the  experiment.  These  skin  cur 
rents  are  abolished  by  corroding  the  skin,  e.g,y  with  saturated  salt 
solution,  and,  when  this  has  been  done,  the  oi*dinaiy  muscle  stream 
is  obtained.  Hermann  objected  that  the  corrosive  agent  not  only 
set  aside  the  skin  current  but  permeated  to  the  muscle  itself,  and 
acted  on  it,  producing  chemically  a  transverse  section,  so  that  the 
current  obtained  was  not  from  the  uninjured  but  from  the  injured 
muscle.  In  fishes,  which  exhibit  no  stream  current,  and  where, 
therefore,  corrosion  of  the  skin  is  unnecessary,  no  muscle  current  is 
obtained  when  the  fish  is  curarized  to  render  motion  in^possible. 
Hermann  also  points  to  the  fact,  shown  by  Engelmann,  that  the 
heart,  which  can  be  laid  bare  without  injuring  its  fibres,  shows  no 
resting  current,  though  it  shows  a  negative  variation.  Hermann 
found  that  even  the  secretion  of  the  skin  of  the  frog  applied  to  the 
muscle  produced  by  its  action  a  current,  indicating  injury  of  the 
fibres.  Engelmann  also  showed  that  a  section  produced  subcu- 
taneously  on  a  living  muscle  gave  rise  to  a  current,  which,  however, 
disappe^  on  the  repair  of  the  injury. 
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From  Buch  facts  Hermaim  coacludes  that  itrialed  nuuele  in  a 
ptr/ectlt/  tawnjured  condition  u  absolutely  ttreamiett,  and  tJiat  the 
muacle  stream  is  conitecte«l  with  the  existence  of  &n  artificial 
transverse  section.  According  to  him,  a  muscular  fibre  ezhibite  a 
current  only  when  one  part  of  it  is  dying  and  the  other  part  is 
still  living  protoplasm,  but,  as  soon  as  the  whole  fibre  is  dead,  the 
stream  disappears.  In  order  to  verify  this  view,  Hermann  devised 
an  apparatus  called  the  "  Fall  Rheotom." 


FiQ,  5. 

By  means  of  a  falling  weight,  F  (Fig.  5),  shod  with  shagreeD,  part 
of  the  aponeurosis  of  the  Tendo  Achilles  of  a  gastrocnemins,  H,  a 
stripped  off,  and,  almost  instantaneously  with  this,  Uie  galva- 
nometer circuit  is  closed,  and,  in  a  very  short  time  tbere^ter, 
opened  by  the  same  weight.  By  this  means,  and  through  a  com- 
pensation arrangement,  the  amount  of  current  obtained  from  the 
muscle  immediately  after  injury  is  measured.  A  second  similar 
observation  is  immediately  made  on  the  same  muscle  now  injured. 
Hermann  found  that  there  was  a  defle<^ion  of  the  needle  obtained 
from  the  muscle  immediatelyon  its  injury,  but  the  second  obftervation 
gave  a  very  much  greater  deflection,  showing  that  after  the  injury 
the  current  took  a  little  time  to  develop.  This  time,  in  the  gastroc- 
nemius of  the  frog,  Hermann  gives  as  jhi  of  a  second,  that  ii  to 
say  the  electrical  effect  is  not  inunediate,  but  takes  ^  of  a  seotmd  to 
develop  after  injury.  Hermann  admits  the  occurrence  of  negative 
variation  in  the  injured  muscle,  but,  since  he  denies  tlie  existence  of 
a  stream  in  an  absolutely  uninjured  resting  muscle,  hfl  ovmot  admit 
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a  negative  variation  in  the  uninjured  muscle.  Still,  on  stimulat- 
ing an  uninjured  muscle  whicb  exhibits  no  current,  a  deflection  of 
the  needle  is  observed.  This  current,  obtained  in  quite  normal 
inuBcle  by  stimulation,  Hermann  calls  the  "  action  stream,"  which 
passes  in  the  muscle  from  longitudinal  to  transverse  surface.  The 
time  of  occurrence  of  this  "action  stream"  or  "ne^tive  Tariation  " 

lutB  been  fixed  by  Helmholtz  and  T.   Bezold  as  preceding  the 

contraction  of  the  muscle. 


This  diagnm  shows  part  of  the  arrangenieiit  of  the  "Fall  Rbeotcm." 
The  falling  weight,  F,  having  injnred  the  maicle  ia  the  waj*  shown  in  Fig.  6, 
is  then  made  to  strike  against  keys  a,  X,  O.bj  which  the  galvanometer 
circuit  can  be  closed  and  then  opened,  or  other  effects  produced  speedily 
the  one  after  the  other. 

Bernstein  continued  these  researches  by  means  of  on  insti-uraent 
called  the  repeating  rheotom,  and,  ia  a  nmscle  giving  no  stream 
while  at  rest,  he  obtained  by  stimulation  not  only  a  single  but  a 
double  deflection  of  the  needle,  the  first  in  the  negative,  the  second 
in  the  positive  direction.  This  double  variation  was  found  to 
jHopagate  itself  through  the  mnscle  at  the  same  rat«  as  the  wave  of 
Hie  "  negative  variation  "  then,  or  "  action  stream," 
with  the  passage  through  the  muscle  of  a  wave  of 
excitation.  During  the  passage  of  the  wave  each  irritated  muscle 
point  becomes  negative  to  a  point  at  rest,  that  is,  when 
the  wave  reaches  a  point  it  becomes  negative  to  another 
point  beyond  the  wave,  and  when  the  wave  has  passed  the  first 
point  it  returns  to  a  positive  condition  in  relation  to  the  part  of 
the  muscle  to  which  the  wave  has  now  passed.  The  one  point 
being  first  n^ative  and  then  positive,  explains  the  double  deflec- 
tion. In  a  muscle  with  an  artificial  cross  section,  the  second 
phase  of  IJie  double  deflection  disappears,  and  thus  the  negative 
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variation  is  accounted  for.  In  a  totally  tetanized  muscle,  in  which 
the  stimuli  pass  so  rapidly  that  the  irritation  wave  is  everywhere 
present,  no  ''action  stream"  is  found. 

Such  is  a  general  statement  of  the  facts  offered  by  Du  Bois  and 
Hermann  for  and  against  the  theory  of  an  electrical  current  in 
normal  living  muscle.  If  Du  Bois  were  correct  it  was  natural  to 
suppose  that  the  muscles  of  living  man  would  show  a  considerable 
current,  and  a  negative  variation  on  voluntary  contraction.  But 
Du  Bois  completely  failed  to  detect  a  current  from  living  muscles 
of  man  at  rest.  If,  however,  one  dips  both  hands  into  vulcanite 
troughs  filled  with  salt  solution  and  connected  with  the  galvano- 
meter, and  then  voluntarily  contracts  the  muscles  of  one  arm,  tlie 
needle  is  deflected  to  one  side  ;  if  the  muscles  of  the  opposite  arui 
are  contracted,  the  needle  swings  in  the  opposite  direction.  This 
Du  Bois  accounted  a  negative  variation.  This  Hermann  declares 
to  be  no  muscle  current  at  all,  but  to  be  due  to  a  secretion  stream 
directed  from  without  inwards  on  the  irritated  side — a  skin 
current.  In  his  experiments,  stimulation  produced  sweating  and 
the  electric  current,  but  when  Atropia  was  given  both  disappeared. 
"  A  man,"  he  says  "  paralysed  by  Curare  would  show  the  Du 
Bois  current  in  spite  of  the  absence  of  contraction,  and  a  man 
under  the  influence  of  Atropia  would  not  show  the  current,  in 
spite  of  the  occurrence  of  contraction."*  That  is,  in  the  former 
case,  stimulation  could  not  produce  contraction  on  account  of  the 
Curare,  but  it  would  produce  sweating,  and  a  current — a  secretion 
stream — would  appear;  in  the  latter  case  it  would  produce  con- 
traction, but  on  account  of  the  Atropia  there  could  be  no  sweating 
and  there  would  be,  therefore,  no  current. 

To  the  Du  Bois  theory  of  polar  particles,  or  the  pre-existence 
theory,  Hermann,  therefore,  opposes  what  he  calls  a  difference 
theory  ( alter cUions  tlieorie),  because  it  refers  all  electromotive  effects 
of  muscle  to  two  kinds  of  physiological  change.  The  first  part  of 
the  theory  is  that  the  dying  portion  of  the  substance  behaves  itself 
negcUively  to  the  living,  and  the  electromotive  force  has  its  seat  in 
the  demarcation  zone  between  the  living  and  the  dying.  To 
this  he  adds  a  rider  that  not  only  death  but  irriiabion  as  well 
causes  tlie  affected  substance  to  become  negative  to  the  uiuj^eeted 
portion. 

Nerves  exhibit  electrical  phenomena   exactly   comparable  to 

*  Hermann  Handbnch  der  Phys.     Bd.  L,  Th.  I.     8.  224  u.  225. 
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those  of  muscle,  positive  longitudinal  surface  and  negative  trans- 
verse section. 

A  pulsating  frog's  heart,  a  slice  of  whose  apex  has  been  cut  otl* 
■o  as  to  lay  a  longitudinal  sur&ce  and  a  transverse  section  on  the 
electrodes,  also  exhibits  an  electrical  current,  and  a  so-called 
^  negative  variation." 

It  is  not  my  purpose  to  offer  any  criticism  of  the  facts  and 
arguments  of  which  I  have  tried  to  give  a  concise  account  In  the 
lace  of  not  one  but  two  Goliaths  like  Du  Bois  Reymond  and  Her- 
mann, I  should  with  less  excuse  be  rasher  than  David  to  seek  an 
entrance  into  the  fray.  But  that  electricity  is,  in  quite  normal 
circumstances,  developed  to  a  surprising  extent  in  animal  tissues 
is  conclusively  shown  by  the  phenomena  of  the  electrical  fishes, 
the  Torpedo,  Gymnotus  Electricus,  and  others.  In  these,  of  course, 
it  pix>ceeds  from  an  organ  specially  adapted,  and  is  designed  to 
meet  the  requirements  of  the  animal,  and  for  defence.  But  it 
affords  a  strong  a  priori  ground  for  believing  that  at  least  hints  of 
what  attains  great  development  in  some  animals  may  be  found  in 
others,  for  whom  its  development  would  be  valueless. 
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VII. — An  Inquiry  inio  the  FrefxUenee  of  Small-pox  in  Kilmmr'9^'^'' 
nock  in  the  Last  Century.     By  John  C.    M*Vail,   M.1^  —  » 
Kilmarnock.* 


[Read  before  the  Society,  Ist  February,  1882.] 


Ml 

'hiE  historian  of  the  social  life  of  the  nineteenth  centuiy  wr'  ^ 
probably  devote  a  chapter  to  the  description  of  a  phenomenon 
whkdi  he  may  have  some  difficulty  in  giving  a  name.  He  mi 
my  that  it  flourished  chiefly  in  the  decade  through  which  we  ha^ 
just  [Visstxl,  and  that  it  consisted  of  a  peculiar  social  craze 
mania,  t\\o  chief  symptom  of  which  consisted  in  a  strong  tendencs-^^^  -^^ 
on  the  i^irt  of  those  aflfected  to  unite  themselves  into  societies  foc:^'^^' 
the  pur|Hw<*  of  al)olishing  certain  well-established  and  appro vcnc"^^*^ 
customs  and  proceilures.  The  only  essential  qualities  in  th^"*-"® 
objei^ts  to  U"*  oruss^deil  against  seemed  to  be,  he  might  say,  that,  iiL-fc  ^ 
the  opinion  of  those  most  intimately  acquainted  with  the  mattei 
they  x^viv  of  great  benefit  to  the  public  health  and  welfare,  an^ 
ought  not  to  Iv  interfered  with.  These  societies  are  at  presen. 
lH>st  known  to  the  |mblio  by  the  prefix  "  Anti,"  the  three  chi< 
l^eiug  tht*  Anti>Vivi»ction  Society,  the  Anti-Contagious 
.\otsS  S^xMety.  and  the  A nti- Vaccination  Society.  How  this 
lualadx  oan  Iv  ourtxl  is  not  >'ery  obvioua  But  I  am  quite  sure 
this,  that  if  the  olasss  of  sntfexers  termed  (owing  to  their  symptomi^^^^ 
tor  a  )>athoK>jin«^l  nomenclature  is  not  yet  attainable  in  ment 
diM^mleiN^  Anti-Vaivinationists,  could  have  themselves  placed  ii 
an  aA\lum  v^alKxl  up  from  the  past  by  some  magic  wand,  and  cod^ 
MMiui:  of  the  town  of  Kilmarnock  as  it  was  in  the  last  oentoiy, 
xt^ry   *l\ort    ^\>siden\V   tht^n*  would  entirely  cure  them  of 

In  the  Iv^^ininu];  of  the  year  172S,  the  scfaooiiiiaster  ol 
Ki)man\ivk«  >hho  s«x''.ns  to  have  l^een  a  man  considenfaly  in 
ad\a\u>'  «Nf  );;>  ta\^e.  detonnintxi  to  keep  a  register  of  moctality 


*  l\yr  m^^'h  ^  alwahW  axi  m  \^im«>cs  Bianer*  connected  witii  the 
x\t  iKm  )na|vi  )  am  \VK<.<^Uwi  K^  Mr  Jaaxs  Roee.  Ktgatawt  of 


it 
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for  his  parish,  and  the  result  of  his  decision  is  a  beautifully- 
written  old  volume,  which  begins  as  follows: — 

**  Mr.  Patrick  Paisley,  and  Mr.  Lawrence  Hill,  Ministers, 
March,  1728.  This  register  is  begun  by  Mr.  Robert  Mont- 
gomerie.  Schoolmaster  in  Kilmamock,  and  Session-Clerk.  He 
having  begun  one  of  the  same  kind  before,  anno  1705,  which  was 

*'  carried  on  for  some  yeirs,  and  afterwards  Lost  when  it  was 

**  committed  to  another  hand  to  keep. 

"  RO.  MONTGOMEBIE." 

Besides  giving  the  total  annual  births,  the  register  consists  of  a 
statement  of  the  date,  name  and  designation,  age,  and  cause  of 
death,  of  all  who  died  in  the  paiish  of  Kilmarnock,  from  March 
Ist,  1728,  to  March  1st,  1764.  Why  it  ends  so  abruptly  after 
these  thirty-six  years  we  do  not  know.  Probably  the  old  school- 
master, whose  hand  had  been  getting  gradually  more  unsteady 
as  he  penned  the  solemn  record  of  so  many  deaths,  at  last  himself 
went  over  to  the  majority,  and  no  one  seems  to  have  taken  up  his 
well- worn  quill  to  register  the  fact.* 

The  records  of  these  thirty-six  years  are  in  every  respect 
interesting,  and  in  some  points  important.  The  population  of 
Kilmamock  in  1763  is  said  to  have  been  nearly  5,000.  During 
the  following  29  years  it  increased  at  the  rate  of  about  64  per 
annum.f  Supposing  that  during  the  period  under  consideration 
the  annual  increase  were  45,  the  average  population  of  the  thirty- 
six  years  would  not  be  more  than  4,200.  The  average  number  of 
births  per  annum  was  134.  Now,  the  number  of  births  since 
1855  (the  date  of  introduction  of  registration)  has  been  48  per 
annum  to  each  1,000  of  the  population.  Calculated  by  this 
standard,  the  mean  population  in  the  thirty-six  years  would  be 
3,350.  I  will  take  4,200,  however,  as  being  the  correct  number, 
so  as  to  avoid  the  possibility  of  exaggerating  the  mortality  from 
small-pox. 

The  total  deaths  in  the  period  in  question  were  3,860,  or  at  the 
rate  of  24*36  per  1,000  per  annum — fully  1  per  1,000  per  aimum 

*  A  more  careful  examination  of  the  orthography  and  penmanship  of  the 
record  shows  that  there  have  been  two,  or  perhaps  three,  successive  com- 
pilers. Robert  Montgomerie's  share  in  it  ceases  at  the  end  of  May,  1736. 
EUa  death,  however,  is  not  registered.  Possibly  he  left  the  district  at 
thta  time. 

f  M'Sjty's  History  of  Kilmamock,  4th  edition,  foot-uote  to  p.  342. 
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above  the  average  of  the  past  twenty-five  years.  If  the  populatio 
were  only  3,350,  the  death-rate  would  be  32  per  1,000  pei 
annum. 

The  causes  of  death  are  shown  in  Table  L,  in  which  I  hav< 
adopted  the  orthography  of  the  old  session-clerk. 

TABLE  I. 
Mortahty  Table,  1728-1764,  in  groups  of  Six  Yean. 


DiSF.ASK. 


Decay,    .        -        .        - 

Age,        .... 

Small-pox, 

Fever,     .... 

Bowel-hive, 

KinkhoBt  or  Cinkough,  - 

Closing,  .        .        -        - 

Measles, 

Flux,       .... 

Childbed, 

Teething, 

Suddenly  and  Hastily,    - 

Consumption, 

Gravel,   .        -        -        - 

Dropsie,  Hydropsie,  and 

Swelling, 
Palsie,     .... 
Colick,    .... 
Tympany,  -        -  | 

Vonuting,  -  -  -  j 
Pleurisy  and  Stiches,  -  i 
King's     Evil,     Scrofula,  ; 

and  Cruels,  • 
Asthma, 
Gout, 
Cancer,    - 

6  each  from  Stoping  and  Purging, 


1728-54. 

1734-40. 

190 

159 

88 

95 

111 

67 

d9 

80 

33 

46 

14 

47 

•  •  • 

5 

1 

11 

11 

17 

11 

4 

12 

12 

4 

5 

2 

8 

"b 

6 

2 

4 

4 

8 

1 

2 

2 

12 

2 

1 

2 

5 

•  •  • 

2 

4 

1 

5 

2 

1 

1740-4€. 


1746-53. 


1753-68. 


135 

132 

91 

97 

139 

95 

96 

88 

35 

48 

1 

12 

29 

30 

18 

52 

53 

6 

4 

10 

4 

6 

9 

2 

•  •  • 

3 

3 

3 

2 

5 

3 

5 

1 

3 

4 

2 

•  •  • 

1 

•  •  • 

1 

3 

•  •  • 

2 

1 

4 

•  •  • 

1 

1 

4 
6 


3 
3 
2 
1 


2 
1 


5 

3 
o 


>> 

»» 


>f 


»» 


Fits  and  Convulsions,  Accident, '^Perished," 
Drowning,  Lethargic,  Scurvy,  Rheumatism,  and  Ricketi, 
Jaundice,    Infancy,    Apoplexy,     Stone-cuting,    Gri<tf, 

Inflammation, 

Broken  Leg,  Cholera,  Cold,  Ulcer,  Overlaid,  Mortifica- 
tion, Hystirick,  Poison,  Gangren,  Spina  Ventosa, 
Self-murder,   Worm   Fever,  Universaf  Gout,  Blabs, 

Ague,  Weakiicss,  Bowel-ricket, 

Disease  Unknown  (about). 

Total, 


00 

19 
19 
17 
14 
V2 

10 
10 
10 

r 
I 

12 
15 
15 

12 


i:  : 


b:r 


The  flesh  of  Kilmarnock  seems  to  have  been  heir  to  about  60 
ills,  and  of  these  4  are  credited  with  fully  two-thirds  of  the  total 
deaths.  At  the  head  of  the  list  is  decay,  with  915  deaths. 
What  decay  included  it  is  difficult  to  say.     That  senility  was  not 
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a  necessary  element  is  shown  by  the  fact  that  deaths  at  the  ages 
of  one  and  two  years  are  attributed  to  it  The  term  probably 
embraces  nearly  all  chronic  diseases  causing  emaciation  and 
debility — among  which,  of  course,  consumption  is  the  chief.  The 
second  disease  is  age,  which,  with  its  625  deaths,  has  foi'med  a 
convenient  class  for  nearly  all  who  lived  over  70  years,  and  for  a 
large  nimiber  between  60  and  70  years.  Passing  over  small-pox 
in  the  meantime,  fever  is  responsible  for  545  deaths.  The  town 
then,  as  now,  was  built  on  low -lying  ground,  by  the  side  of  a 
stream  so  small  as  to  be  nearly  dry  in  summer,  and  quite  in- 
sufficient for  carrying  off  the  impurities  for  which  it  would  be  the 
receptacle.  The  term  seems  to  include  scarlet  fever,  as  it  is  not 
mentioned  elsewhere,  and  also,  perhaps,  many  cases  of  acute 
pneumonia,  and  other  diseases  running  a  rapid  and  febrile  course. 
Bowel-hive  is  responsible  for  273  deaths.  The  medical  nomen- 
clature of  diseases  in  one  generation  may  be  said  to  be  the  popular 
nomenclature  in  the  next  The  bowel-hive  of  the  doctors  of  the 
last  century  is  now  one  of  the  most  popular  of  children's  diseases, 
and  there  is  no  mother  worthy  of  the  name  who  cannot  tell  all  its 
symptoms  and  most  of  its  treatment  It  may  be  said  to  include 
most  diseases  of  the  stomach  and  bowels  in  infancy,  and  to  be 
accountable  for  a  very  large  number  of  the  deaths  during  teething, 
and  generally  under  three  years  of  age.  Kinkhost,  or  cinkough, 
stands  next>  with  116  deaths.  Its  leading  sjrmptom — the  "kink  " 
following  the  "  host " — was  so  unmistakable,  that  its  figures^  ai*e 
in  all  likelihood  quite  correct  Closing  (106  deaths)  is  the  old 
name  for  croup.  It  was  epidemic  in  1745-6  (24  deaths)  and  1746-7 
(13  deaths).  Previously  to  1744  it  is  only  once  mentioned,  but 
from  that  year  onwards  it  figures  regularly,  with  an  amiual  aver- 
age of  5  death&  This  sudden  appearance  of  a  new  disease  perhaps 
means  the  advent  to  the  village  of  a  new  doctor,  with  the  newest 
names,  or  else  signifies  an  advance  in  the  knowledge  of  the  already- 
settled  practitioners.  The  same  may  be  said  of  consumption, 
which,  curiously  enough,  is  mentioned  in  the  first  year  of  the 
register,  but  does  uQt  turn  up  again  for  19  years ;  and  of  its  25 
deaths,  15  occurred  in  the  last  year — 1763-4.  Following  closing, 
comes  measles,  of  whose  93  deaths  52  occurred  in  one  year — the 
next  largest  epidemics  causing  14  and  11  fatalities  respectively. 
Flux  also  caused  93  deaths,  and  probably,  means  diarrhoea  and 
dysentery  (usually  called  bloody  flux) — the  latter  a  disease  very 
well  known  in  Kilmarnock  even  thirty  or  forty  years  ago,  but  one 


*   111   MrB'f'a 

of 


Ti  ja-=r    -—I    .  jnaiinc^ial'-  >^fnie^     I  lar^  Jtszri  Dr.  G.  EL  & 


H     -     ii*-     *1 


^frU^  icrr^izLJt.  szA  ':rael?  T:=it«d :  10  eaca  ^cm  mstkmm  and  goal»  and 
7  from  oac-c^T.  oomplc-te  ^he  priricicttl  £giirQ&.  Gon  is  pneticalbr 
inkfiO-KX  nov  m  KilTr.ar50ck-  Wbetlier  like  honie-bgewcd  ak^  or 
'^c^Msj,  yilL"  in  which  the  zioTers  mud  vabsteis  of  tfe  old  town 
tM\*i»^AA^  was  a  beverage  strong  enough  to  hrii^  on  so  amtocntic 
A  t'^ftti]A2L\ui  Ik  a  question  I  cannot  answer.  Certein  ii  is  tkai 
bnnrin^  wan  a  common  occupation,  the  designation 
^Mfing  >/y  fio  means  rare  in  the  register. 
The  iMtufm  of  the  remaining  diaeaaea,  in 
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themselves.  "Stoping"  was  constipation,  or  ileus.  The  more 
interesting  names  are  grief,  cholera,  hystirick,  spina  ventosa, 
self-murder,  universal  gout  (or  acute  rheumatism),  blabs, 
weakness,  and  bowel-ricket.  Blabs  probably  meant  chicken- 
pox,  which  used  to  be  called  ''blab  pox;"  and  the  fact  that  it 
caused  only  one  death  in  the  thirty-six  years  rather  confirms  this 
view.  Bowel-ricket  meant,  I  believe,  severe  abdominal  pain. 
Leaving  this  part  of  the  subject  with  the  remark  that  the  whole 
register  forms  a  rich  mine  of  antiquarian  lore,  I  turn  now  to  the 
subject  proper  of  the  paper. 

There  can  be  no  doubt  but  that  small-pox  caused  more  deaths, 
by  a  long  way,  than  any  other  disease  in  old  Kilmarnock.     It  is 
true  that  decay  and  age  come  before  it  in  the  list ;  but,  as  I  have 
already  pointed  out,  decay  must  include  a  great  variety  of  diseases, 
and  under  the  heading  of  age  are  placed,  besides  a  nimiber  of 
deaths  between  the  ages  of  60  and  70,  nearly  all  illnesses  which 
proved  fatal  in  those  over  70  years — the  old  session-clerk  evidently 
being  a  devout  believer  in  the  law  which  limits  man's  natural 
existence  to  three-score  years  and  ten.     Table  II.  may  assist  us  in 
forming  a  mental  picture  as  to  the  prevalence  of  small-pox  in  these 
old  times.     You  will  observe  that  epidemics  occun-ed  in  1728-9, 
1733,  1736,  1740,  1744-5,  1749-50,  1754,  1757-8,  and  1762— in 
all,  nine  epidemics  in  thirty-six  years.     In  the  intervals,  the  town 
was  almost  totally  free  from  the  disease.     The  average  length  of 
time  between  two  epidemics  was  fully  four  years.      They  came 
with  terrible  regularity.     If  one  or  two  were  a  little  before  their 
time,  as  in  1736  and  1740,  the  next  were  somewhat  delayed,  as  in 
1745  and  1750.     The  number  of  deaths  varied  from  45  to  95. 
You  will  notice  that,  on  the  whole,  the  extent  of  the  epidemic 
corresponds — though  not,  of  course,  exactly — with  the  length  of 
interval  between  the  epidemics     Thus,  the  three  largest  (1754, 
1749-50,  and  1744-5)  occurred  after  intervals  of  4 J  to  5  years; 
Mrhile  previous  to  one  of  the  mildest  (1757-8)  only  3  years  and 
2  months  had  elapsed.     In   1733,  however,  there  were  only  45 
leaths  after  a  period  of  nearly  4^  years. 

The  epidemic  of  1728  began  on  May  11th  by  a  death  in  Beans- 
[>iim,  a  hamlet  on  the  outskirts  of  the  town,  and  near  the  castle  of 
ttte  old  barons  of  Kilmarnock.  The  next  was  on  June  25th,  in 
Jie  same  family ;  and  the  virulence  of  the  disease  came  to  a  crisis 
n  November,  when,  in  a  total  of  23  deaths  for  the  mouth,  1 7  were 
liie  to  small-pox.     It  then  gradually  died  out,  ending  with  three 
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deaths  in  FeVjmank'.  The  second  began  in  Jannaiy,  17^,  ad^ 
eridf-'i  on  August  2nd.  causing  45  deaths.  There  had  been  tP 
inter\'al  of  barely  4^  years  since  the  last  time.  But  in  fully  three 
yf^rs  again  the  disease  appeared — in  July,  1736-~aiMl  calminatel 
in  S^fptember,  in  which  23  deaths  were  due  to  it,  among  30  froB 
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all  causes ;  the  total  result  being  66  deaths  during  the  epidemic. 
It  again  appeared  in  February,  1740,  and  extended  through  the 
summer,  ending  on  A.ugust  3rd,  after  having  caused  66  deaths.  The 
year  ending  February  28th,  1744,  had  been  a  very  healthy  one, 
only  55  deaths  having  occurred  from  all  causes,  or  at  the  rate  of 
12  per  1,000  per  annum.  But,  in  the  following  August,  pox 
again  showed  itself,  and  wrought  deadly  havoc  throughout  the 
winter,  causing  74  deaths,  of  which  31  took  place  in  January. 
It  again  raged  from  October,  1749,  till  March,  1750,  causing  84 
deaths,  of  which  also  31  were  in  January.  In  the  spring  of  1754 
the  most  severe  of  all  the  epidemics  broke  out,  culminating  in 
July  and  August,  in  which  months  there  were  respectively  39  and 
33  deaths,  in  totals  of  47  and  39  from  all  causes.  The  total 
mortality  of  the  epidemic  was  95.  Two  years  and  a-half  after  its 
close,  another  began ;  but  the  harvest  was  not  ready  for  the  sickle. 
The  interval  had  been  too  short,  and  the  outbreak  never  attained 
great  violence,  though  it  lingered  on  for  the  unprecedentedly  long 
period  of  two  years,  causing  45  deaths  in  all.  But  in  four  years 
more  a  new  generation  of  children  had  arisen,  and  66  of  these 
succumbed  to  the  destroyer.  Between  these  various  epidemics,  a 
few  occasional  cases  occuri^ed,  amounting  to  14  in  the  thirty-six 
years. 

As  showing  the  severity  of  the  scourge,  I  may  state  that,  in  7 
of  the  9  epidemics,  the  year's  death-rate  was  actually  higher  than 
the  birth-rate — in  one  year  to  the  extent  of  72  j)er  cent.  The 
figures  are  given  in  Table  III. 

TABLE  III. 
Epidemic  Years  in  which  the  Total  Deaths  exceeded  the  Total  Births. 


1 

Deaths  from  all 

Deathn  from 

Excess  of  Deaths 

ICAK. 

BiRTBS. 

Caiues. 

Small-pox. 

over  lUrths. 

1728-9 

Ill              1 

162 

66 

51 

1736-7 

135 

147 

66 

12 

1740-1 

95 

164 

65 

69 

174950 

134 

149 

79 

15 

1754-5 

146 

203 

95 

57 

1757-8 

125 

132 

37 

7 

1762-3 

132 

173 

66 

41 

Total, 

878 

■ 

1,130 

474 

252 

It  may  be  profitable  to  compare  the  greatest  Kilmarnock  epi- 
demic of  modem  times  with  the  greatest  to  be  found  in  the  old 
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rpgistor.     In  tlic  year  ending  May,  1874,  141  deaths  from  small- 
pox t<x>k  plaot^  in  a  Kilmarnock  of  24,000  inhabitants,  being  a.t 
the  rau>  of  5*8  per  1000  living.     In  1754,  95  deaths  took  place 
in  a  i^t^pulation  of  4,200,  or  at  the  rate  of  22*6  per  1,000  Uving. 
The  old  epidemic  was  therefore  four  times  more  severe  than  the 
nuHlern  one.     And  it  is  to  be  remembered  that,  while  the  former 
had  only  a  jK»rioil  of  41  years  in  which  to  collect  it«  victims, 
no  serious  epidemic  had  occurred  for  upwards  of   thirty  years 
previous  to  1S74.     One  can  hardly  conceive  what  would  be  said 
now-anlays  al>out  an  ordinary  annual  death-rate  as  great  as  that 
i>f  what  we  have  learned  to  look  on  as  a  terrible  epidemic— one 
which  antivacoinationista  held  to  prove  the  futility  of  Jenner^s 
d\!^x>very.     And  yet  an  annual  epidemic  equal  to  that  of  1873-4 
>kouUi  do  little  moY>e  than  represent  the  condition  of  matters  in 
the  last  ivnturv. 

In  all  6:^'J  deaths  resulted  from  small-pox  in  the  36  years. 
llie  toted  deaths  from  aU  causes  were  3,860.     Of  every  1,000 
doAths,  therefore^  101  weiv  owing  to  small-pox.     The  meaning  of 
lh«^'  ti^ires  i^an  K'st  be  got  at  by  comparison.     Taking  as    ^ 
basis  the  statist ios  of  the  26  years  following  the  introduction  d^^ 
c\m\pui*\>rY  vavvinaticui  into  England  and  Wales,  the  results  ar"  ^ 
v*^ry  strikir.j;.     The  small-pox  death>rate  per  100,000  per  annuiK^^^ 
iu  th(\!&e  I'o  yifNATs^  was  20'^     In  Kilmarnock,  last  oentuiy,  it 
410     that   is.  KY  ev^rv  coie  death  under  the  vaGOiiaticm 
fhere  >kere  lu^rly  20  when  vmccinatian  was  unknown.     Again, 
i^kxw    IaW   c's'vjitfcs   iii   Kilmamixk,   161   were  from  amall-po} 
xfchil-s-  iv.  the  -?>  yt\*r>  eiiaini:  157i\  only  9*9  per  1,000  were  di 
to  tu  ;2^«*  rn.*jvr:ior.  Ivina:  16  to  1  by  this  method  of  comparison. 

I   Nkxsh  v..'w  to  K'aV.  your  attention  to  an  impcfftant  soies 
tao:>  Vivv.j:h:  to  lij^h:  by  the  old  roister — namely,  as  to  the 
oi   the  \:s't:;::s  v*:  these  v.uu*.erv»us  epidemics.     Table  IV.  sho^ 
th*;  t*!v:v.  t?.e  hoUut  of  the  trs^t  epidemic  to  that  of  the  second  -^" 
ov»e,  >*;^N  A  ivruxi  xZ  4  v«krj  >  i:20Eith&     And  of  the  45  diildrc^:-=^*'* 
wh.*  >u.v.:',v.;w  i:i  I>A\  44  wt're  letss  than  4  years  8  months  ol<^^^-t 
ihr  rvtivAiv.'v.j;  or,e  Iviv^  7  ywkr*  of  a^.     Thus  only  one  diik^^^ 
thcit  o.i-Ai  :v.  thsT   175;*  ^fvid^ruic  had  bei«i  aliTte  pRTioas  to 
b^'j^h'.    oi   th-i"    l7-<  eyi,U':v.:c.     Tb'e  disease  bad  to  secure 
vis*?:v::>  A^*,v.,\st  ^Kho^.v  tV,^aL!  :h^  ropcila^xi  thai  had  eooie  inU^^ 
«xister.vv  n;v.vv  x:;s  Idbs:  \;s^:a:ioc.     v>ci<e  eokkmie  kli  ahnosi 
\K.*ciiKLs  t-^r  Its  suvx^wsors     iu  th-e  sanne  wmy.  haidlr  aaj  kad  bM» 
Wt't  to  it  c*y  ::*  prwi^vtssc^rs.     Ic  called  at 
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TABLE  IV. 


eof 
rmlc. 

Interral  since 

height  of  former 

Epidemic. 

Total 
Deaths. 

66 

Deaths  in  Children 

bom  since  height 

of  former  Epidemic. 

Deaths  in  Children 

who  liad  passed  safely 

through  one 

Epidemic 

Deaths  In  Indi. 

vidoals  who  had 

passed  throngh 

more  than  one 

Epidemic. 

•  •  • 

J-9 

UnkDOwir. 

•  ■  • 

) 

4  yrs.  5  mons. 

45 

44 

1 

0 

> 

3    „    5     „ 

66 

58 

7 

1 

) 

3   „    7     „ 

66 

60 

5 

1 

1-5 

4    „    8     „ 

74 

67 

6 

1 

)-50 

5    „    0     „ 

84    . 

79 

4 

1 

V 

4    .,    6     „ 

95    ' 

84 

11 

0 

'-8%  1  3    ,,    M     ,) 

45 

39 

6 

0 

I         4    „    8     „ 

66 

53 

11 

2 

ts  occarring  between 

pidemics, 

14 

8 

5 
56 

1 

Totals, 

1 
555 

492 

i 

1 

i 

Or  87  per  cent. 

Or  11  per  cent. 

Or  1  per  cent. 

all  who  were  not  disease-proof  came  within  its  grasp.  Those  who 
recovered  grew  up  disfigured  for  life ;  the  names  of  the  remainder 
are  recorded  in  the  old  register  book.  The  leading  fact  shown  by 
Table  IV.  is  that,  on  an  average,  87  per  cent,  of  those  who  died 
in  one  epidemic  had  been  bom  since  the  previous  one,  that  1 1  per 
cent,  who  died  had  passed  safely  through  one  epidemic,  and  that 
only  1  per  cent,  had  lived  through  more  than  one  outbreak.  In 
the  36  years  only  3  deaths  occurred  in  people  over  20  years  of 
age,  one  a  lad  aged  20,  another  a  married  woman  aged  21,  and 
the  third,  a  dragoon,  aged  26  years,  who,  from  his  occupation 
and  name  (Aspdal),  was  probably  an  "  incomer  "  to  the  town,  as 
the  old  registrar  calls  strangers,  to  distinguish  them  from  the 
<<  indwellers  "  or  settled  inhabitants. 

Table  V.  shows  that  practically  these  epidemics,  to  nearly  nine- 
tenths  of  their  extent,  did  not  occur  in  a  population  of  4,200,  but 
in  a  population  of  475  persons.  And  the  average  number  of 
deaths  in  this  population  was  60,  or  at  the  very  high  rate  of  126 
per  1,000  living  in  each  epidemic  year.  Now  the  number  of 
attacks  in  unvaccinated  children  under  5  years  of  age  is  two  for 
every  death.  As  many  die  as  recover.  Therefore,  of  every  100 
diildren  bom  in  Kilmarnock,  no  less  than  25  were  seized  with 
small-pox  at  the  first  epidemic  after  their  birth.  Mr.  Peter 
Taylor,   M.P.,   President  of   the   A  nti- Vaccination   Society,  has 
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TABLE  V. 

Section  of  PopoUtkio  Bom  since  former  Epidemic. 


Bora  liace         I>icd  from  TukMs ;      Remaininc  t4 


Hei;:bs  of  Epulrauir.  bdirfcc  of  former     Dtoeaae*.  exclnd-  .  form  Held  for 

Epidenk:  log  bmaU-poz.     I         Epidanic. 


May,  1733.  -               614  90  524 

Oct.,  173S.  476  82  I            394 

May,  1740.  501  89  412 

Jan.,  1745,  506  68  438 

Jan.,  1750.  634  107  527 

Joly.  1751,    .  •              048  131  517 

SepL,  1757.  445  41  404 

May,  176:1  690  110  ,            580 


Totals.  4,514  718  3,796 

Averages,  564  89  475 


recently  issued  200,000  copies  of  a  pamphlet,  which  is  said,     ^^ 
the  Edinburgh  £cening  JTetcf,  to  he  "  by  far  the  most  stagger"^*^ 
representation  of  the  case  against  vaccination  that  has  yet  cc^-^ 
before  the  public'*     In  this  pamphlet  he  says,  *'  that  one  of     '^^ 
characteristics  of  the  devotees  to  vaccination  is  enormonsljT 
exaggerate  the  prevalence  of  and  mortality  from  small-pox       ^ 
pre- vaccination  periods.'"     I  wonder  if  Mr.  Tajrlor  knows  of  a^  "^ 
"  devotee  "  who  ever  pictured  a  greater  prevalence  of  small^^^ 
than  I  have  proved  to  exist  in  "Kilmarnock ;   and  as  to  its  u^-^^ 
tality,  if,  as  he  says,  only  18  deaths  took  place  in  every  hund^^^ 
attacks  in  the  last  century,  at  all  ages  (and  in  the  622  deatlii^     ^ 
Klilmamock  only  2  were  those  of  adults,  so  that,  as  to  small-p'^^^ 
childhood  practically  meant  "all  ages"),  then  we  must  oome        ^ 
the  conclusion  that  in  1754,  of  517  children,  466  were  attack^^^' 
in  1745,  of  438  children,  372  were  attacked;  and  in  1736,  of  3^  ^* 
children,  322  were  attacked ;  and  so  on.     These  figures  seem       y^ 
me  to  greatly  exaggerate  the  prevalence  of  the  disease ;  but^      ^ 
Mr.  Taylor  is  right  as  to  the  rate  of  attacks  to  the  mortality,    ^ 
must  also  accept  this  legitimate  result  of  his  view.     Tables  I^^' 
.and  y.  show  that,  as  regards  small-pox,  there  were^  in  f»€^  thr*^^ 
EilmamockR.      One,   a   Kilmarnock  of  3,700  persons^   had    ^mO 
fear  of  its  attacks.      These  had  already  met  with  and  battl^ 
with  the  disease-fiend.     On  many  were  to  be  seen  the  maiks  ^ 
the  conflict.     Some  were  blind,  some  had  lost  their  hearing  va»nj 
were  permanently  injured  in  constitution^  and  very  many 
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scarred  and  disfigured  for  life ;  and^  for  every  one  who  had  conquered, 
another  had  &llen  never  to  rise  again.    There  was,  indeed,  a  second 
Kilmarnock  under  the  green  sod  of  the  kirkyard.    The  Kilmarnock 
which  had  reason  to  dread  the  epidemic's  approach  was  a  Kilmar- 
nock the  least  able  to  meet  it.     It  consisted  of  a  band  of  little 
children,  numbering  less  than  five  hundred  in  all.     Every  such 
group  that  came  into  existence  had  to  face,  within  four  or  five 
jrears  of  birth,  the  most  terrible  physical  enemy  that  it  would  ever 
meet;    and,  having  fought  the  battle,  some  were  added  to  the 
maimed  and  distorted  who  formed  so  large  a  portion  of  the  popu- 
lation, and  others  were  laid  beside  those  who  had  been  destroyed 
by  former  epidemics.     One  can  barely  imagine  what  must  have 
been  the  feelings  of  a  mother  regarding  these  fearful  visitations. 
Even  when  the  town  was  free  of  the  pestilence,  there  would  be  the 
constant  foreboding  of  its  all  too  certain  coming;  and  when  at  last 
the  first  case  occurred — when  the  doctor  was  called  in,  and  pro- 
nounced the  disease  to  be  the  dreaded  pox — his  words  would  be 
heard  as  a  sentence  of  death  to  some  member  of  almost  every 
family  containing  little  ones ;  and,  as  the  news  spread  from  house 
to  house,  with  what  a  despairing  clutch  would  each  mother  press 
her  darling  to  her  breast,  and  beg  Almighty  God  to  command  the 
destroying  angel  to  pass   by  her  door!      After  the  lapse  of  a 
hundred  and  fifty  years,  one  can  have  little  conception  of  the  real 
meaning  of  a  small-pox  epidemic.     But  the  old  parish  registrar 
has  enabled  us  to  apprehend  something  of  its  horror;    and  I 
venture  to  say  that,  if  the  anti-vaccinationists  had  their  will,  we 
would  ere  many  years  be   again  experiencing  somewhat  of  the 
awful  visitations  which  were  so  familiar  in  old  Kilmarnock. 

By  the  English  life  tables  I  find  that,  of  every  thousand  children 
bom  alive,  2*3  may  be  expected  to  die  of  small-pox  before  reaching 
five  years  of  age.  In  Kilmamockj  1 1 6  of  every  thousand  born  were 
fated  to  die  of  the  malady  under  the  same  age.  This  comparison 
gives  the  startling  proportion  of  1  to  35.  I  have  stated  above 
that  the  proportion  at  all  ages  is  1  to  16  or  20 ;  and  the  meaning 
of  the  difference  between  16  or  20,  and  35,  is  simply  this — that 
vaccination  gives  a  protection  much  greater  in  childhood  than  in 
after-life;  and,  if  re-vaccination  were  insisted  on  at  adolescence, 
I  see  no  reason  to  doubt  that  35  to  1  might  become  the  proportion 
all  through  life. 

The  earliest  age  at  which  the  register  shows  small-pox  to  have 
piroved  fatal  was  20  days,  the  greatest  26  years.     By  looking  at  the 
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^-nm^rztyn^  .ji;  3h^  -.sDiiiiiizui  UL  TaMi;  IL  toq  will  sce  the  number 
-cMacatr  1=  -f^kA  T^far  of  Jie?.  The  meAa  ace  of  those  under  1  year*^ 
Tt  -nctizhiL  Th«r  mma  or  ;fcv>^race  age  at  death,  of  all  the  * 
VM  1*:1  7"*^^  ^^  ^"'J'*"*'  from  IS46  to  1872,  the  mean 
11  V  jv*r^  The  di^rvmx  between  2-62  and  11-9  is 
is&'ijesLilT  gr'frr  Bat  in  the  earlier  part  of  the  25  years 
iM-Sri.  -r^x-uascc  v:br  zoc  oompoLiory.  From  data  furnished  me 
by  r^.  Ri3C«^r:aeiL.  ?t  lae  £Les!:$cer  HocLse.  Edinburgh,  I  am  enabled 
CO  ?ciae  "ULa:  die  3ieaa,  j^  dt  oewta.  in  Scotland,  in  the  yeatv 
l>r3-i-\  WM  li  7  ywin.  aad  to  Dr.  L>rie  of  Somerset  House,  1 
&3L  ULoecced  9:r  the  iftct  laas  "  the  mean  age  of  the  14,554  persons 
vii*-  ii^  frcoL  ?aiall-^*2  iz.  KngAnd  and  Wales.,  during  the  seven 
yiAa»  l^ri-r>.  ka&  been  t^onii  co  be  ll^dS.  or  almoat  twenty 
vifATS. '  Xcv.  amiH-fox  »  a  m:2ch  more  £atai  Ajm^mam  in  infuicy 
;£.iz.  iz.  3xa=J:«.xia.     I2.  u2.T:au3;ised  children  under  live  years  old, 

c-*  ■i>?!*  i:x  T^-rr  :wo  atfiacked.     In  vouths  from  15  to  20,  one 
c*--^  -.z.  f:wr .  jc  lisai  tv^^s.  1:  ir.nms  vatvination  made  an  attack  of 
^mjall-vcx   no   sjjd**f.   it   wv^uld  sdll   have  the  great   merit  of 
.;-e6;msL^  it  till  tae  pcdoii--n*&»sc£ng  power  of  nature  is  at,  or  at 
.e&s«  i.e:Lrer  t«x  i^s  iLi'^i-n?g*n      And  if  vaccination  did  nothing 
evsir.  it  wocld  ocvioa»ly  cocier  as.  enormous  boon  on  humanity,  in 
irvrecifrirLj:  by  1 7  year»  the  lite  of  those  who  do  finally  succumb  to 
:hr-  rh'^^^es  of  scvill-mx.     In.  thr  abeence  of  primary  vaccination 
ii^^rh  ixv;irs  a:  ar.  a^-erais^  or  21  years  after  the  birth  of  the  child. 
Ir.  :he  absence  of  re-v;ftcci=atioQ  death  takes  place  at  an  average  of 
A'rv<;t  fxir  yvtm  afWr  puberty.     It  k^  of  course,  easily  possible  to 
l^  !r\i  dk5tray  by  aven^^^  but  granting  this,  these  facts  still  point 
CO  iho.    rropriety  of  re-vacvination  at  adolescence.     This  is  also 
sh-.-^v-T.  bv  statistics  or  deaths  in  KUmamock  since  1855.    From  1855 
ti'    lSo4  inolcsiv^',  vaiccimtion  was  optional,  and  by  no  meios 
u:a^vraJIy  tvrfomieiL  and  the  mean  age  at  death  was  4*38  yeai& 
From  1;^^*\  wh«'r.  the  Compulsory  Vaccination  Act  for  Scotland^ 
t*smie  ir.:o  torve.  to  l>7:>.  inclusive,  the  mean  age  has  been  aO"**— « 
yoa:-^.     This  last  rate  pnkotically  refers  to  the  epidendc  of  1875-^^ 
as  after  l$i^  no  death  took  place  in  Kilmarnock  for  six  year^^ 
During   the   epidemic   there   were    141    deaths^      Of  the  2,40^ 
inhabitants  o^-er  3.l\X^  were  rv^^'accinated.     And,  so  far  as  I  c9^ 
Uwtiu  not  one  re-v;iccinate\i  [^rst.^n  was  attadsfd  by  the  diaea^^ 
i\MtAiulv  1:0:  or.o  ditxi  of  it.     This  b  a  verv  remarkable  fact.    Tl»^ 
C^lXX^  amot:g  the  24.(W  were  like  the  Israelites  in  Egjpt^  whem 

iih  their  lintels  and  dooi^posts  stainetl  with  blood,  they  wet* 
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»d  over  by  the  angel  of  death  on  his  visit  of  desolation  to  the 
eholds  of  their  oppressors. 

liave  said  that  the  average  age  of  those  under  one  year  was, 
lilmamock,  7^  months.  Now,  Dr.  Bobei*t8on,  of  Edinburgh, 
$,  in  one  of  the  Registrar's  blue  books,  a  very  interesting 
larison  as  to  the  deaths  of  children  under  one  year  old.  He 
i  that  from  1855  to  1864,  when  vaccination  was  only  optional, 
lumber  of  deaths  from  small-pox  in  children  under  one  year 
ras  very  nearly  equally  divided  between  the  two  halves  of  the 
But  when  vaccination  became  compulsory  at  the  age  of 
lonths,  this  grouping  altered  veiy  much — about  79  per  100 
I  under  6  months,  and  only  21  between  6  and  12  months, 
inference  was  that  vaccination  made  the  difference.  But 
rd  fact  was  needed  to  complete  the  comparison,  namely,  the 
)rtion  in  each  of  the  two  half  years  when  vaccination  was 
[y  unknown.  This  is  supplied  by  the  Kilmarnock  statistics, 
Fable  Vl.  gives  the  result. 

TABLE  VI. 

of  Deaths  from  Small-pox  between  6  and  12  Months  of  Age,  \0  100 
.thfi  from  Small-pox  under  6  Months,  during  three  Selected  Periods. 


1728.17«:J. 


Agb. 


Kilmarnock. 


ler  6  months. 


m  6  to  12  months, 


Vaccination  Un- 
known. 


100 


491 


18.V>-18m. 


Scotland. 


Vaccination  Op- 
tional. 


100 


103 


1N66-1879. 


Scotland. 


Vaccination  Com- 
polsory. 


100 


26 


le  first  ratio  may  he  taken  as  the  normal  one  of  natural 
Upox.  It  is  a  disease  nearly  five  times  as  fatal  in  the  second 
I  the  first  six  months  of  life.  But  when  modified  in  the 
id  six  months,  by  optional  vaccination,  the  mortality  decreases 
much — ^from  491  to  103.  And  when  vaccination  becomes 
^ukory,  as  in  the  third  period,  the  103  becomes  reduced  to  26. 
second  half  year  is  the  first  part  of  life  on  which  the  influence 
todnation  is  brought  to  bear  on  the  prevalence  of  small-pox, 
result  is  a  very  clear  proof  of  the  value  of  tlie  compulsory 
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Om^  (juration  i-cmaiiis  to  Ik*  consideixxl — How  &r  the  decrease 
ill  Hinall-pox  mortality  is  to  be  attributed  to  causes  other  than 
vaccination?  I  am  quite  prepared  to  grant  that  improved  hygiene 
and  tn^utnient  have  exercised  considerable  efTect  in  this  direction. 
Rut  they  obviously  have  no  bearing  on  the  f^cta  shown  in  Table 
VL  And  that  they  account  for  anything  more  than  a  fraction 
of  the  enormous  general  improvement — an  improvement  at  the 
rat«^  of  nearly  20  to  1 — I  distinctly  deny.  The  following  Tabic 
shows  the  decrease  that  has  taken  place  in  the  mortality  from 
various  zymotic  diseases  since  last  century  :- 

TABLE  VII. 

lUto  i>cr  1,000  per  Annum  of  Deaths  from  certain  Zymotic  Diaeases  in 
KilmanuKk  in  1728-64,  and  in  England  and  Wales  in  Recent  Periods. 

hi^rAHK.  ;  ^^^^^ '1-^™*™®**' j     Rate  In  Enjrbnd.     ;     Kate  of  Decrease. 


NUvisKd.  -615  (1861-71)     4399  100  to  70 

\Yh*H^pin^  wuuh,  7671                  „            '5273  100  to  68 
Kovcr    (including 

ScAtUtinaK  3*4722                 „          1*8474 1  100  to  53 

Small  |H>\.  .  41071  (1854-79)       '208;  100  to   5 


iter 


I  Vat  lis  fnuu  sniuIl-iK>x.  therefore,  have  decreased  14  times 
than  fixmi  uieaslt^.  13  times  faster  than  from 'hooping-cough, 
10  tinu\s  faster  than  fivm  fever. 

In  oouolusion.  allow  me  to  re-state  the  chief  facts  I  have        '^ 
d<>avoui>Hi  to  sot  forth. 


{W  Sntall  |Htx  was  epidemic  in  Kilmarnock  every  4^  years. 
^IM  lt«  d<\Hth-i^t«'  |XM*  1,000  per  annum  was  nearly  20  ti 

);n>iiter  than  it  now  is. 
^C^^   l|j^  di\Hth  rate  under  5  years  of  age  was  35  times 

ihau  it  now  is. 
V I  ^   rito  uu^u  a^^  at  di^ath  from  small-pox  was  2^  yeaA  in 

lavt  \vutury.  and  is  now  nearly  20  yearn 
\<N^    Iho  \tf>ath>ni:o  frvmi  small-pox  in  the  second  half  year  of  1^ 

\>  uoxfc  \u\l\  a  t\nxnh  of  that  in  the  first  half  year,  whi^:^^--'^^^ 

t\xiuioi\\\  m  tho  s^voud  half  year,  it  was  nearly  5  times 

iii>\^t  as  lu  tho  tirsit  half  vear. 

m 

\r«^   rhr  su)aU  |H\\  %W;h-r!ito  has  improred  about  13  tunes   '^^ 
iH^t  aa(  iho  d<Nith-mte  fn>m  measka^  hoopiog-ooogli,  ai*^ 


ter 

tlie 

"e 
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in.  — A  Cheap  Form  of  Voltaic  BoAtery.  By  Alfred  R.  Bennett, 
Member  of  the  ScK^iety  of  Telegraph  Engineers  and  of  Elec- 
tricians ;  Engineer  to  Messrs.  D.  k  G.  Graham,  Glasgow. 


[Read  before  the  Society,  lat  Febraary,  1882.] 


?  these  days  of  d3mamo-  and  magneto-electric  machines  and 
jcomulators,  voltaic  batteries  may  seem  old-fashioned  and  out  of 
lace ;  but  they  have,  nevertheless,  functions  of  their  own,  such 
{ the  supply  of  electricity  for  domestic  purposes,  for  telegraphy, 
id  telephony,  which  possess  sufficient  importance  to  render  any 
aprovement  or  economy  effected  in  their  construction  worthy  of 
3te. 

The  author  trusts  that  this  consideration  will  be  deemed  a 
ifficient  excuse  for  bringing  before  the  Philosophical  Society  of 
lasgow  the  details  of  a  new  and  exceedingly  cheap  form  of 
>ltaic  battery  lately  devised  by  him. 

The  object  he  had  in  view  was  to  discover  a  combination  cap- 
)le  of  performing,  at  less  cost,  the  duties  at  present  so  well 
Ifilled  by  the  Leclanch^  battery.  Although  the  new  form  has 
>t  yet  undergone  the  crucial  test  of  prolonged  trial  in  actual 
rvice,  yet  for  some  months  past  it  has  been  subjected  to  severe 
sts  side  by  side  with  the  Daniel  and  Leclanch^,  and  has  not 
scovered  any  evidence  of  inferiority,  either  as  regards  i)ower  or 
irability. 

The  idea  of  the  combination  was  suggested  by  the  well-known 
ct  that  iron  will  not  rust  in  solutions  of  the  caustic  alkalies,  a 
rcumstance  probably  due  to  the  non-existence  in  such  solutions 
free  oxygen  or  free  carbonic  add.  It  was  argued  from  this 
lat  if  a  plate  of  iron  and  a  plate  of  zinc  were  immersed  in  such  a 
ilntion,  the  iron,  not  being  attackable  by  the  alkali,  would  be 
rongly  electro-negative  to  the  zinc.  Trial  proved  the  idea  to  be 
rictly  correct  Not  only  iron,  but  nickel  and  cobalt,  as  well  as 
>ld  and  silver,  and  the  metals  of  the  platinum  group,  were  found 
»  be  practically  as  electro-negative  to  zinc  as  carbon  itself 
arbon  is  at  first  a  trifle  more  strongly  electro-negative  than  iron, 
at  it  stores  up  hydrogen  so  readily  in  its  pores  that,  when  the 
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circuit  has  once  been  closed  for  a  few  minutes,  its  superiority  is 
lost  Silver  is  the  most  electro-negative  of  all  the  metals  in  these 
solutions. 

The  use  of  iron,  if  practicable,  has  obviously  several  advantages 
to  recommend  it     The  cheapness  of  the  metal,  and  its  freedom 
fmm  liability  to  fracture,  as  compared  with  carbon,  are  strong 
points  in  its  favour;    and  it  afibrds,  besides,  the  possibility  of 
making  a  perfect  and  |)ermanent  connection  on  the  negative  plate 
for  the  binding-screw — an  end  so  difficult  to  accomplish  when 
carbon  is  used.     In  the  Leclanch6,  for  instance,  although  eveiy 
care  is  taken,  by  compressing  the  leaden  boss  upon  the  carbon  and 
saturating  the  upper  portion  of  the  plate  with  melted   paraffin 
wax,  the  solution  of  ammonium  chloride — which  in  that  battery 
is  tho  ojcciting  chemical— creeps  up  and  attacks  the  lead,  with  the 
nwult  that.,  after  some  months,  plumbic  chloride  is  formed  at  the 
junction,  and  gradually  impairs  the  integrity  of  the  connection. 
It  mn^ly  interrupts  communication  entirely,  but,  by  interposing 
mmataiuv  in  the  circuit,  detracts  from  the  efficiency  of  the  battery* 
With  an  iron  plato,  a  soldered  joint  can  be  made,  and  permanency 
wvuwhI. 

It  WHS  ilisi\>von>d,  however,  that  a  simple  iron  plate  po 
v«*ry  rnpivily,  tho  hydrog^m  set  free  by  the  action  of  the 
olin^ini;  to  it^  and  greatly  increasing  the  resistance.    By  surroun 
ing  tho  pbito  with  a  packing  of  small  fragments  of  iroUy  such 
oK>an  tunungs  or  Ixirings — in  the  same  manner  as  the 
plato  in  tho  oriirinal  form  of  Leclanch^  is  surrounded  bj  fi 
inont^  of  o,<%rK^n  and  manganese  dioxide  —this  deleterious  action 
«\M>si«loi^My  nuxliti^l.  and  the  cell  acquires  to  a  great  extent 
}v^>^vr  of  k«vpir.jj  up  its  electro-motive  force  when  working  coi 
tmuouNly   thixnij^h  a   low  external  resistance.      The  number 
)v\)t\ts  )Nrt>Ncnt<\)  bv  tho  turnings  or  borings  is  probably  the  cai 
of  tV.^s  :^s  it   i:^  woll  known  that  hydrogen  escapes  with  mu 
);t\v^;or  fixwlou^  fn^n  a  n^uirh  than  from  a  smooth  sw&oe. 
|v«olv.\);  of  irv^u  fm^^mov.ts  is^  in  faot«  the  platinised  silver  plate 
Su^v  in  Ar.othor  fivrvii,     Tho  gnf^tost  efficiency  is  obtained  w! 
\\u^  \\\s\\  (\'^%^\xxt^\\u  aro  thor^^ui^hly  damped  bj  the  adatioii, 
lu^t  \v.^.u\o?N^\l  n\  \u  tho  ^^h$::jick^  to  the  escape  of  the 
U'li-,;  jhou  At  tho^.r  mir.i:r.;:nv     Tho  crfl  works  very  wdl,  howeverv 
>hK<M\  tho  \v\v\  ts  A^vt^r^xi      Al^KXiiih  not  quite  ooustant  when^ 
>*NX»iu  j:  t^^N^j:^  aix  ovt<5Tdu  r^^id^tAikw  of  20  ohms,  the  hsttei^ 
i>\v\tMr*  ita  %>njr*tviU  ojok-^r.^-aac^irif  fvTie.  when  alloved  to  rsrty 
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with  a  rapidity  sufficient  to  allow  of  its  employment  on  the  busiest 
telegraphic  circuits,  and  for  most  other  practical  purposes. 

The  electro-motive  force  of  the  iron  battery  varies  somewhat 
with  the  nature  of  the  iron,  and  the  degree  to  which  the  packing 
is  saturated  or  covered  by  the  solution.  The  Daniel  being  1,  and 
the  Leclanch^,  at  its  best,  1*30;  the  iron  varies  from  1*15  to  1*33. 
The  last  was  an  exceptionally  good  cell,  and  the  average  may  be 
taken  at  I  *23,  or  07  less  than  the  best  Leclanchd. 

But,  afler  working  for  some  days  continuously  through  a  low 
external   resistance,  the  iron  keeps  up  its   electro-motive  force 
much  better  than  the  Leclanch^.     This  was  proved  lately,  at  the 
suggestion  of   Mr.    David    Graham,   who   thought  it  likely  to 
demonstrate  the  comparative  merits  of  the  batteries  in  actual 
service,  by  setting  a  good  specimen  of  each  cell  to  ring  an  electro- 
magnetic trembling  bell  night  and  day  until  they  failed,  the  bells 
being  of  precisely  similar  construction,  and  each  of  a  resistance  of 
5  ohms.     They  were  started  at  11.10  a.m.  on  December  23rd  last 
After  a  few  days,  the  Leclanch^  became  very  weak,  and,  although 
it  did  not  actually  stop  until  January  12th,  it  latterly  simply 
vibrated   the   hammer  of   the   bell  without  striking  the  gong. 
The  iron  cell  rang  the  bell  powerfully  until  January  15th,  and 
^id  not  stop  until  January  23rd,  exactly  one  month,  or  744  hours 
^rom  the  date  of  starting. 

The  chemical  reaction  of  the  iron  battery  is  probably  as  follows. 
*There  being  present  when  a  solution  of  potassium  hydroxide  is 

Zn,  +  KHO  +  H.,0  +  Fe, 
^e  closing  of  the  circuit  produces  first . 

2  Zn  O    +    K    +    Fe    +    H3. 

*Xbat  is  to  say,  at  the  positive  plate  the  oxygen  of  the  potassium 
bjdroxide  and  of  the  water  is  given  off,  and  combines  with  two 
-^toms  of  ^inc  to  form  zinc  oxide.     At  the  negative  plate,  tlie 
potassium  and  the  hydrogen  of  the  potassium  hydroxide  and  tlu; 
hydrogen   of  the   water  are  set   free.     The  metallic  potassium 
instantly  decomposes   an   additional   molecule   of  water  in   the 
negative  portion  of  the  cell,  with  the  oxygen  of  which,  and  one  of 
the  free  atoms  of  hydrogen,  it  combines  to  re-form  potassium 
hydroxide,  leaving  the  four  atoms  of  hydrogen  due  to  the  decom- 
position of  water  free.     This  makes  the  final  stage 

2  Zn  O   +    KHO    +    Fe    +    H,. 
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It  is  to  xhv  |x>laming  action  of  this  free  hydrogen  that  the 
iiK\v.;stAnoy  of  the  electro-motive  force  of  the  combination  is  due. 
It  howovor.  as  already  stated^  ascends  between  the  iron  fragments 
and  rapidly  (^scapes  to  the  air.  The  caustic  solution  is,  conse- 
q«o:;:iy.  us«\i  up  in  the  j^"»sitivc  half  of  the  batter}-,  and  re-formed 
m  the  iii'ca:;vi\ 

Th:^  ;tu:hi^r  has  atxompit'^  in  many  ditierent  ways  to  get  rid  of 
;ho  o^r.o\ioi:>  hydn.^i^»n,  but  without  permanent  succesa  Mixing 
p'.A;;r.;:r.;  Ka^^k  wi;h  the  iron  packing  answers  to  some  extent  for 
A  tir.'.r,  a>  xl:-:-  p'.Atir.um  absorbs  the  gas,  and  leaves  the  iron  free. 
ATvxhrr  p*.ar.  is  to  p:aix^  a  chemical  having  a  great  affinity  for 
«>\yj^ r^  vu^h  as  ryrvKalliv?  acid,  phosphorus,  cobalt  nitrate,  potas- 
v.;::v.  «*r  s.v.;;;r.'.  pcrmanpoiates.  at  the  negative  plate.  But  the 
^'"hsv.-.-.xXi'.s  la'r.ivh  *l¥orb  oxv^^-'n  with  sufficient  aviditv  have  little 
IV  m%* : ; ;' ;■  *  y ,  v.^d  sa>::  oeASo  :o  ac:.  The  presence  of  a  permanganate 
^■A.^ii'^  :h;   »*;v:rK'*-r.*.ot:\e  force  of  the  l»atterv,  in  addition  to  im- 

m 

jv.v\ .:  ji  :;>  AY.-.s:*r.,\\  .  ic:  :i:o  cdect  is  transient  A  cell  was  placed 
;:•,  \  a;  *n;  ,%v..-.r.rrt8ss:\i  ^^AVj^er..  ia  hopes  that  this  gas  would  find  its 
•w  i>..\N  ,cr.  •  ^ '  '.r.^r.  iwk'ir.c  an.i  combine  with  the  free  hvdrogen 
5,^  -wv-  v'a:.  -  K;:  7;.;^  iydr.^ii  wou-d  have  nothing  to  say  to 
.'>.  .^\^^^  „  «:•.:..  :;  »-as  /.;-tikr  of  the  battenr.  It  then  com- 
^ '.".v,,  A"*,i  :;,-  ,v'.'..  Sir.^:  kepi  at  wort  was  in  a  couple  of 
•v.  .:•.  wAiTf-r  jc  :rs  own  creating.     The»  are,  however. 


«  .\  w 


.1        X 


!*•- 


a-n;    ,^^r:  y.  ^-^ :  \x>s  wr.^ri.  biHait^  K'ing  saperfluoos,  are  in* 
s,- .'   w  ,. .  ,x.  :.v  skVc-    .*c  :  v>:-::5e  ir.  a  cheap  hat  eery,  which  ib^ 
.^  ■.  ..  ,v  .\^  ^  ^  ■-*:  ^^.  >  sr»^ryL:y  irtiinie*!  to  he.    Its  cheapnes^^ 
N  .'  .  V  .  ws,-  V  ,.r.  •:>:*>.  ;:  ^-^^n  Sf*  ruoe  utv  are,  indeed,  its 
\     t  i ».. . .  r,-A     ri>.     T:?:-?!:  »  bfre  a:n  oud  tinned  inm  can,  whicl 
*>^  .    .    ■.*^,  - ;  .  i\%    -.i  .\K\ri,-^ii\  szikTes^  was  originally  packed  wit.^ — 
.N-^     v.  .vvc       ,* '  -.xv;'-.      A:  '*iAZ  ;ir.>e  ib«>p  was  little  pivhabilit^^^ 
.,•   ,\-   .v^■^,    -A".  .'C     s  r.-jfck:r.^  its  apf^Mraac^  befi»Y  sudi 
.V  vvs..     .  \  v^  .  V  v.-\>^  .;.     TSf  Seef  havinc  been  oonsumei^^' 

>*  wx  .UN    vx.  V  v>  ..><•.>»%.  tT'.{  "••&?  A^aziivd.  wiihoat  m' 

N  y.-w  .  ;x  X     .,-,     xv  ^>^  vv    .'  f-,iin:  xi?;^  5xr  of  an 

x*'.\>^x  ^.      •**!*. ,'^•  a.  Kfs-  V  X.     ■'  ,-c  .varTx>,'tt  czpc  c«x  from  an  oU 
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The  porous  cell  being  placed  in  the  tinned  iron  can,  the  I>oring8 
are  packed  tightly  around  it,  the  solution  is  poured  in,  and  the 
zinc  strip  immersed  in  it.  The  ends  of  an  electric  bell  circuit 
being  attached  to  the  can  and  the  zinc  strip,  the  fact  that  a 
powerful  current  has  already  been  set  up  is  made  sufficiently 
obvioua  [Experiment  shoum,]  After  a  few  minutes  it  will  become 
still  more  powerful ;  and  if  left  to  itself  the  cell  would  ring  the 
bell  night  and  day  for  at  least  three  weeks  without  any  noticeable 
lo6s  of  energy. 

The  differences  of  electro-motive  force  or  capacity  for  outside 
ilfork  of  the  various  types  of  batteries  may  be  roughly  shown  in 
the  following  manner: — Here  is  a  Daniel  cell  joined  through  a 
box  of  resistance  coils  and  an  electro-magnetic  trembling  bell  of 
5  ohms  resistanca  Through  no  resistance  but  its  own  and  that 
of  the  bell  it  makes  a  considerable  noise,  but  by  gradually  intro- 
ducing resistance  this  is  diminished  until,  when  22  ohms  have 
been  plugged  out,  the  hammer  is  vibrated  without  striking  the 
gong.  This  effect  is  produced  through  5  ohms,  its  own  internal 
resistance— 5  ohms  the  resistance  of  the  bell,  and  22  ohms  in- 
serted resistance,  a  total  of  32  ohms.  Taking  an  iron  cell  instead 
of  the  Daniel,  to  bring  about  a  similar  state  of  affairs,  35  ohms 
have  to  be  plugged  out,  which,  adding  5  for  the  bell  and  one  for 
the  internal  resistance  of  the  battery,  makes  a  total  of  41.  Sub- 
stituting a  Leclanch6,  one  additional  ohm  is  needed,  or  a  total 
of  42.  With  an  iron  cell  superexcited  with  permanganate  of 
potash,  no  less  than  50  ohms  have  to  be  plugged  out,  or  a  total  of 
56,  before  the  hammer  ceases  to  stiike  the  gong.  The  electro- 
motive forces  of  the  four  cells  are  then  in  the  proportions 

1  1-28  1-31  1-75. 

In  volts  the  figures  become 

1079  1-381  1-413  1-888. 

This  method  corresponds  to  the  reproduction  of  a  constant  de- 
flection on  a  galvanometer.  It  is  not  to  be  commended  for  strict 
accuracy,  but  by  its  means  it  is  possible  to  demonstrate  to  an 
audience  facts  which  otherwise  could  only  be  referred  to  verbally. 
The  results,  too,  are  substantially  correct,  agreeing  well  with  ob- 
servationB  made  with  far  more  delicate  instruments. 

The  tendency  of  the  caustic  alkalies  to  absorb  carbonic  acid  from 
the  air  renders  it  desirable,  although  not  absolutely  necessary,  to 
keep  the  porous  cell  which  contains  the  solution  tightly  covered. 


I 

f 
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i>ii  tbe  oither  band  tbe  iron  portkm  of  tlie  battery  abould  be  exposed 
as  ^«eJv  to  ibe  air  as  {XMuble,  to  £icilitate  tbe  escape  of  the 
bydropRXL  Tliew  ocmtraiy  oonditions  are  rather  vexatiouBy  bat  by 
no  nwtftns  inipcissible  of  attainment.  The  most  practicable  mode 
itf  jk-0\in£  tbe  diffimltr  i^:ipears  to  be  the  placing  of  tbe  positive 
poruviin  i\f  tLe  combination  in  an  earthaiware  cell  about  7  inches  in 
beurbt^  but  poTMU  only  for  4  indies  from  its  bottom,  which  porous 
orl]  xs  £t»vi  vitb  an  airtight  stopper,  through  which  the  zinc  rod 
i>  :>rvvB£bu.  ana  t^^miinat^d  by  a  binding  screw.  The  earthenware 
%vw;  IS  pijiA>i  in  an  iron  can.  5  inches  in  height,  and  of  a  like 
diasMSMT,  and  par^Ml  in  firmly  with  turnings  or  borings.  The 
njLn4>Miwaz>p  c^eiU  baring  been  nlled  with  solution  almost  to  over- 
dovii^:.  the  airtiirht  stopper  is  ntted  in,  and  the  batteiy  b  resdy 
nv-  >:j«r.  Tbe  adrftntages  of  this  arrangement  are  the  exclusion  of 
oftr:vv:;v  aoii  froa  the  caustic  solution,  while  the  iron  is  left 
(^vtxts^xi  TO  The  air .  the  prevention  of  evaporation,  and  the  preserra- 
:x\r.  x^:  thi^  :^acJ^;i;i;  trvwu  too  profuae  a  wetting.  There  being  no 
a:r  :^rt^$sj:ure  oc  the  soirtaoe  ctf'  the  solution  in  the  earthenware  cdl, 
::  o^AT.  vvr.ly  i>ffv>xdU)e  with  extreme  slowness,  being  opposed  by  the 
i*«vti&^rv  ."C  the  air.  acoinj:  through  the  inm  borings  and  the  pores 
v^*  the  ^yI-. 

IVr  ixYtiiKxv  oi  <:Mbonic  actd  in  ordinarv  wato*  renders  it 
(ksir^fc :  C^  to  isake  the  s«vution  with  distiUed  or  Dewlj4xMled  water. 
I:  ::  :,>l  ^  is.>c3e.  a:*.i  the  ofU  instantly  dosed  with  an  airtight 
>:oi>ivr.  tS^  oocsiit^.-c^s  i>fOKsaurT  to  secure  the  best  results  have 
.wr.  ^\Kl*^C^:^2  wit^.     Isftmsd  of  distiUed  or  boiled,  common  water 

'UA\   :v  u«\i  i:  a  ivccvxi  ^.-^^  newbr  slaked  lime  is  added  to  the 

•  «  • 

^fV.  :v:Vre  olvvir^      For  crdinaiy  pmposes*  however,  these  pre- 
v-;*u:;.xi*  r::A^  K*  d^-sivnsed  with. 

N  .^w.  jk^  :\>  v\>>:.  Tbe  tirLTRfd  inn  can  may  be  used  without 
v:-:ri'jL:e£i:.  n-.-.*  :iu,  cyrini:  strongly  electro-posmve  to  iron, 
>«f:$  ui^  A  I-.vti*  j«o:ion  with  the  Kwings  as  soon  as  the  aofaition 
reiiioheT^  i:.  ai;vi.  Sfi:*^  small  in  x^oantity.  is  soon  convcfted  into  tin 
oxi%ie  witif.Hit  riiiurv  :o  the  basserv. 

Tbr^  ;$oI*ien\i  xuzits  of  Aaienv':u&  preserve  cans  are  bat  Teiy 
':::Iv  adVvctf\i  \j  tee  soiuiiozu  a&d  can  be  depended  npon  not  to 
kuk  if  ti^ht  in  cbe  dr»:  izLssanvv.  Solders  in  whick  tin  or  line 
<Ar\*  prv;s«frLt  ou^ht  so  Iv  att^-ked.  bat  copper  and  lead  are  bnl 
littk  acted  upon.  The  Kua»  of  sach  cam  are  prohnhlj  «i 
liully  made  in  the  £rs:t  it: stance  as  to  be  mostly  wntar4 
the  aid  of  solder.      These  ouks  mav,  iWnfom.  bo 
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perfectly  efficient,  although  cheap.  The  cost  of  one,  including  the 
borings,  which  are  by  no  means  scarce  in  Glasgow,  may  safely  be 
put  down  at  one  farthing.  The  bonngs  never  need  renewal,  as 
they  do  not  rust,  and  are  not  changed  in  any  way  by  the  action 
of  the  battery.  The  zinc  may  1)e  of  the  commonest  kind,  as  no 
local  action  of  importance  has  been  observed,  unless  the  caustic 
used  is  very  impure.  Amalgamation  is,  therefore,  useless.  Strips 
of  common  roofing  zinc,  rolled  into  cylinders,  answer  perfectly  well. 
The  porous  cell  is  the  most  expensive  item,  but  this  can  bo  dis- 
pensed with  by  the  use  of  diaphragms  of  canvas  or  other  fabric  of 
T^etable  origin.  It  must  be  remembered  that  the  caustic  alkalies 
destroy  all  animal  tissues,  so  leather,  bladders,  <&c.,  are  not 
admiasible.  The  author  has  tried  cells  of  thin  wood,  such  as 
willow  boxes,  with  success;  but  the  earthenware  is  more  per- 
manent, and,  in  spite  of  its  prime  cost,  probably  the  most 
satisfactory  in  the  end.  Such  as  the  one  before  you  can  be 
procured  wholesale  at  2d.  each.  Caustic  soda,  in  a  state  of 
reasonable  purity,  is  made  in  the  neighbourhood  of  Glasgow,  and 
can  be  obtained  wholesale  at  a  little  over  a  Id.  per  lb.  As  4  oz. 
will  last  a  long  time,  this  item  is  not  excessive.  To  sum  up  th(' 
cost  of  one  cell  in  its  simplest  form,  we  have — 

Can  and  borings,  ...  ...  ...         ^. 


Porous  cell. 

Zinc,  say 

Soda,  4  oz.. 

Soldered  wires  for  connections, 

Labour, 


2d. 
Id. 

id- 
Id. 

Ud. 
6d. 


Total, 

which  is  quite  a  liberal  allowance. 

The  battery,  consequently,  is  probably  the  cheapest  ever  devised, 
in  pn^rtion  to  its  power  and  durability,  when  regarded  in  the 
light  of  prime  cost,  but  it  becomes  even  cheaper  when  it  is  con- 
sidered that  the  chief  product  of  its  action  is  zinc  oxide,  known  in 
the  paint  trade  as  zinc  white,  which  is  extensively  used  as  a 
pigment,  and  as  a  substitute  for  white  lead.  It  can  easily  be 
reoovered  in  an  approximately  pure  state  from  the  used-up  battery. 
From  the  cell  which  rang  the  bell  for  a  month,  1,458  grains,  or 
3 04  oz.  troy,  were  recovered,  the  zinc  consumed  being  1170-7 
grains,  or  2*44  oz.  troy.  Some  of  it  is  on  the  table  before  you.  Its 
price  in  the  market  ranges  fi*om  6d.  to  Is.  6d.  per  lb.,  according 


-»••> 


n 


_^    iiiT^r  X  ninwi.  jl  ae 
iciur  &    r— mTTn       3uii  x  :aK   iradiis  ze  "Sitt  ""^nr%inhm  of 
^nc  XL   i  ^liHUL*   nrri-*^  sul  m  hihk  'a   iffry  aid-  coa  of  ikt 

Siiw»-^-»r  iisftc  na'  ft*,   x  j*  ipse  ^ 

aa    nr'    uarrt^     ir  naifc^rsK-  'i^BcoMxut  ztamamed  d  %  few 

iiiL  jL".'Ly  r-"  a]i&  L  rjugBtmrnng  snmiits  •<£  ik«u»  eetl&.  ft 
inuacrj  nr  i^-m  unm'j^  •lul  i.  ^w  !&&.  oc  "mwciir  son.  and  who 
3a»  MO.  luL  v^  ^  nc  ID' — ui  luL  :nniiTn*y-<iB.  cc  dke  pttxeni 
£3ir«n  i£r  -ue  iitL  -v-iit  3l  if  ^uutk.  josor  m  gOBJwf  vp  and 
^■^umar  iaj~]A:!r7i3ZE  i}  xof  n^ims  ir  ji»  fciiniwniiipm  ia  wmaacr  wmn 

•:  ^vnn.  3bif  .=ki  'HJL*  ^  ^'  ^ufvetfr  .uii  xos  sw  kosae.  or  a  part  of 

r^   ia=as7-  iu'V'f'oir.  3if«i£  3ix  le  itiaar  rfcfiply.     It  kndi 
jQBtif  iTTLi  -f^-cil  ai:£iST  ij  lat  rawap  «f  tke  siteiile  aa  to  thr 
xiH9ka:i    It   ij»^    Tirkzx^^^Biis^     As  3i!&re  aaatodl^  ^■**"',  eoUt» 
^-Tisr.  r:uL  ziifcrfixiu  ir^  &Z  sczci&r-j  «neiGii»  Mgasive  to  aacia 
asiCD:  LTfL-ra.  i.-t£  -n^jg.-  ^  9ie-  med  »  cood  fumau     A  ^Jdcn 
ricuic  itki-k-ifi  -vni  !!AZ-R:-fg«cj3g>.  2saaai  of  a  tiBBed  can  pacM 
-vril  ir:c  t«:r=:£«w  vioji  rji:£  as.  Cttfirsne  Ik£L  or  wovk  a  wlfphnif 
teizL^'lT.  1^  -wztzji  ijsc  A  kIt^st  cikilke  naeked  vhk  aixpeaoei»  M/i 

«o  h  2£  :•:  vS:i=<  ^Lk:  rrd=>rc»c.«  »  |wwpcile  ia  Tohaic  batteriai  •*  m  ^ 

iz,  *fT=^ry.r.':"z  •eli«f.       I.  siat  se  BOQCii  tiMl  ^ORMr 
T^*-ZI  ir^*i^  CI  ir:c  tor  &  ^sft.  bos  a  aolaUe  adt  of 
srviift'Ij  f:n=ff^i.  viikh  is  pcwTptiawd  apon,  and  afeopa 
"^f  u>e  2ir.c     C^  \M  :ab>  *r«  v^azioos  ibnas  of  the  hattaij.      ^ 
-  z&e^  ib-e*  r.^ciAii'^e  plase.  cioQsssdiig  of  an  old  fik;  an  old  kiuiB^    ^ 
;«  -pirai  of  ini-n  wire,  is  packed  with  the  bofingi  m  a  poRna  e^^ 
th«  r<#dtive  c^:<nion  of  the  basterv  in  audi  caaea  faebv  in 
'^  *skrth**r*war^  iar. 


^r 
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IX. — Opening  Address  to  the  Chemical  Section.  Bj  James 
Mactear,  Esq.,  F.C.S.,  F.I.C.;  Medallist,  Society  of  Arts; 
Graham  Medallist;  President  of  Chemical  Section  of  Philo- 
sophical Society. 

[Read  before  the  Chemical  Section,  7th  November,  1881.] 


I  HAVE  again,  to-night,  the  pleasure  of  greeting  you  on  the 
commencement  of  a  new  Session,  and  while  congratulating  you  on 
the  very  successful  one  just  passed,  to  express  my  hope  that  the  one; 
to  come  will  be  even  still  more  successful. 

We  have — I  am  happy  to  say — had  papers  promised,  which 
will  give  us  a  good  start,  and  the  Council  of  the  Section  look  for 
cordial  support  and  co-operation  amongst  the  members,  and 
specially  the  associates  of  the  Section,  to  enable  them  to  arrange 
for  the  evenings  which  remain  to  be  filled  up. 

There  has  all  along,  in  the  history  of  this  Section,  been  an 
apparent  reluctance  on  the  part  of  the  associates  to  come  forward 
with  papers,  or  subjects  for  discussion,  which  is  much  to  be 
regretted.  Tf  you  look  over  the  names  of  those  who  have  read 
papers  before  us,  you  will  be  astonished  to  find  how  few  are 
those  upon  whom  it  has  fallen  to  bear  the  ''  heat  and  burden  of  the 
day,"  and  you  will  feel,  as  I  do,  the  urgent  need  of  the  young 
blood  coming  to  the  front,  and  taking  a  greater  share  of  the  work 
\irhich  has  to  be  done.  Let  me  then  urge  (as  this  is  the  last 
occasion  upon  which  I  shall  have  the  honour  of  addressing  you  as 
your  President),  as  strongly  as  it  is  possible  for  me  to  do,  that  any 
member  or  associate  who  has  some  little  subject  about  which  he 
knows  more  than  we  do,  will  bring  it  before  us,  either  in  the 
form  of  a  paper,  a  mere  short  note  of  the  facts,  or  as  the  subject 
of  a  discussion. 

It  is,  I  can  assure  you,  no  light  matter  for  your  Council  to 
imdertake  to  supply,  session  after  session,  the  pabulum  for  which 
yon  crave,  and  it  is  high  time  that  some  of  the  younger  men 
<*  take  hold,"  and  lend  their  efficient  aid. 

In  another  way  than  in  supplying  papers  they  can  help  us  by 
turning  out  in  greater  force  to  the  meetings.  It  is  very  dis- 
heartening to  find  these  meetings  so  poorly  attended  as  they  too 
often  are.  What  is  to  blame  for  it)  Surely  the  chemical 
industries  of  the  second  city  in  the  kingdom  ought  to  be  able  to 


4l(>  Pniiiji'  il  Smim^  9f 


iiTMhuv-  m  Waaer  ttSBDcbnoe.      If  ii  i$  ilie  qoalilj  of  tlie  papers, 

ihnx  k«  tiias  iv  yotnr  taak  ID  MSMuaui  it      If  the  subjects  are  not 

xiirair  vilicL  2nT<?T«  vcvn.  i^md  even  smxeatioos  to  tlie  Gooncil  as 

«r  vtHtt  fiDt«if*)r!:^  ^rmid  he  moss  imcicatiiMr  to  tbe  Section  and 

HkvOr  1^'  hrmr  oui  a  rM«d  azaezidaiioe:  or  an  interaBting  diaeusion 

fiujslii  flnfciik  UieiE  lo  en  soone  one  Xk>  take  «p  audi  sabject  and 

«vaiir  Tic-ira^  ^vrii:  &  pai^n-.     Ir  socli  a  citr  ms  oois,  where  there 

ICY  ar  Kf  iouuc  f  xunjues  re  aimosi  aU  classies  of  diemical  industry, 

«mSr  ^HBY  ru;  bf  nr  wmai  cs  sat^ecSL  nor,  let  m  hope,  of  willing 

nr  >rn:£  t^ma  hf^cre  ss :  and  I  tron  that  ihe  a|^peal  I 

i^  T-^-vz:.  n.-Q  i;r  avse^  im  for  bt  winceior  in  this 

ciifir',  wi«l  DX  >v  11.  vfcrr.  aaid  ikai  the  nwiom  to  oome  will  be 

M  suvY  jQi.-v->Msfrl  7JiaT  acr  di  iduatt  upon  whidi  we  can  now 

li  »  i253uL  ^r  a  TC«siaeDi2ftI  Mdtreas  to  make  it  Teiy  mudi  a 
•waw  «*£  uif  mr^^asmf  ibftOf  ix  ihe  pterioMa  jrear.  This  is  a  Tery 
iMi»£  j^vsc^ttt  T,-'  f  r  i;:>.tz;i.  ttsi^  ^xiarrnnateir  ic  in  mj  case,  would 
TUfaBR'  iix  ik3ii.HLri  <<  Mascc:nf  &»e  lor  acieotzfic  reading  that  I 
««  Mssc>v*T  xad.  A3>i  in  cbeonkal  anenee  the  field  ia  so  laige^ 
a^  jiirssMv^  siaSf  Jb7l^  so  racai  aai  vsried,  that  it  is  scarcely 
MM:tff  ?^r  .^5»f  sdLx  a^  ssair  iMsi  aU— certainly  not  for  one 
t'QsdQaupA^  jx  i;v2z:j.-9kl  w*x^  wtiecvL  uales  he  adherea  pretty  dosdy 
X''  a  $w-vcisL  braakTflL  c<  ssaiy.  he  is  apt  to  lag  behind  the  n^ 
.feirsa^v  w?>»t  iahk«^  ruaei^  ia  «hew  o«r  daTa. 

1  h*v\f  ^^x^^  h  wviLAi  Kf  ixuenaisin^  aad  not  withost  n 
uwx  if  I  wvnf  V  put  cvfcw  Tv«  moae  nosea  on  the  JRttmjf 
T^ekmjiWy  7/ >«k.'^iiarvr  JtSi.  aai  atsesipt  to  tnes  the 
jGik^:i»  ;k=a  v.'adka;£«s  ;ajr.xKcft  wkach  the  Msfailsui  has 

Whea  viTnci    wib^   drss  naaie*    or  br  whosi.  will  as^ei   be 
a«x*ar:iseiT  kanov^^  bu:  h  wcuki  appear  that  it  was  knava  to  Aboa 
Hek^  Al-roijksies^  wao  i>*c  in  ^  >  jljx     As  I  hsTe  dhofvn  in  the 
adarv«s»  whica  I  hjil  zh^  plea:>are  of  deuTvnng  to  jom  in  Deoessbery 
IS79.  -^  On  ihe  Ael-j^oitt  oc  *^  Chemical  Ari»*  the  Andbiai^ 
w^re  inidebced  tur  aiucii  of  (heir  kxtowlei^  to  the  inUbiftsBti  o^ 
ludiai ;  aud  Dr.  ALa;$Iie  kis  shoviu  from  the  evidcnee  of  old  ladiaK^ 
luedioil  worfci;  ihskt  ch«?n»  is  j^roo^  proof  that  Titiiol  w^w  SMde  if^ 
Indiii  long  prior  co  Al-rnasses^  by  burning  adlphnr  mmd  aitre  iia 
day  ToeselsL 

The  m<jst   probable  (-^ri^^   of  the  maaujEaciara  of  vitriol  hf 
artijficial  mesnsy  1  believe  to  be  due  to  the  &et  that  ia  tka  av  of 
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golphur  for  famigation,  and  in  bleaching  cloth  by  its  fumes  while 
burning,  there  would  soon  be  noticed  the  fact  that  an  acid  liquid 
was  formed,  and  this  would  soon  lead  up  to  a  rude  attempt  to 
manufacture  this  acid  by  the  process  called  later  on  the  process  of 
the  belL  Be  this  as  it  may,  however,  it  is  in  the  writings  of  the 
Arabian  philosophers  that  we  first  find  mention  of  the  method  of 
preparing  oil  of  vitriol,  A.D.  778 — Gteber,  for  example,  having 
produced  it  by  distilling  a  mixture  of  alum  and  sulphate  of  iron. 

1200.  The  acid  is  mentioned  by  Albertus  Magnus,  under  the 
designation  of  Sulphur  of  the  Philosophers  and  Spirit  of  Roman 
Vitriol 

1490.  Basil  Valentine  is  often  credited  with  being  the  first  to 
mention  sulphuric  acid,  but  this  is  clearly  an  error,  it  having 
been  known  before  his  time.  He  refers  to  it  as  the  blood  of  the 
green  lion — ie.,  green  vitriol  or  sulphate  of  iron. 

1541.  Creorge  Agrioola,  in  his  ^unous  book  De  Be  Metallica, 
mentions  its  preparation  from  pyrites  by  first  forming  sulphate  of 
iron,  by  oxidation,  solution,  and  crystallization,  and  then  distilling. 

1570.  But  Q^rard  Domacus  was  the  first  who  gave  what  may 
be  called  a  correct  description  of  the  acid,  in  a  work  published  in 
1570,  and  which  was  republished  in  1581. 

1595  {cirea).  To  Andreas  Libavius,  of  Halle,  we  owe  a  great  deal, 
as  being  one  of  the  fii'st  who  attempted  to  clear  the  science  of 
chemistry  from  the  morbid  growths  of  the  alchemical  dreamers. 
As  r^ards  our  special  subject,  he  was  aware  of  the  action  of  nitric 
acid  on  sulphur  as  yielding  sulphuric  acid,  and  very  probably  from 
reasoning  upon  the  fact  (1616),  actually  produced  sulphuric  acid 
from  the  combustion  of  a  mixture  of  nitre  and  sulphur.  He  also 
determined  with  great  care  the  nature  of  vitriol,  and  showed  it  was 
the  same  whether  produced  from  sulphate  of  iron  or  from  sulphur* 

To  him  we  owe  the  first  imitation,  therefore,  of  the  process 
'which  has  now  such  an  extended  application. 

1647.  Following  him  we  have  Angelus  Sala,  also  an  enlightened 
and  careful  worker.  He  was  physician  to  the  Duke  of  Mecklen- 
bni*g-Schwerin.  He  recommended  sulphuric  acid  as  an  excellent 
medicine,  and  showed  that  it  could  be  equally  well  prepared  from 
blue  or  green  vitriol  or  from  sulphur. 

1647-50.    Glauber,  in   his   work,  published   first  in    1648-50, 

describes  very  clearly  the  preparation  of  the   acid  and  si>ecial 

apparatus  for  its  production.      At  this  time  it  must  have  been 

well  known,  as  he  says  (Eng.  Ed.,  1689),  "the  corrosive  oil  of 
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'^  vitriol  is  to  be  found  in  almost  every  apothecaries'  shop."* 
also  says,  in  his  Treatise  on  the  Three  Principles  of  Metals — v^ 
the  sulphur,  mercuiy,  and   salt  of  philosophers  —  in  r^ard 
sulphur,  that  it  was  usual  to  prepare  from  it,  as  medicame: 
yellow  flowei's,  a  white  majistery,  a  red  balsam,  and  an  cund 
per  campan. 

Further  on  he  quotes  Basilius  as  treating  of  the  fixation  of* 

(sulphur)  by  help  of  salt  nitre,  and  saying  (salt  nitre,  being  9 
posed  to  be  speaking  of  himself) — '^  Sulphur  is  indeed  my 
<*  mortal  enemy,  and  he  is  also  my  best  friend ;  for  when  we  l> 
''  are  joined  in  wedlock  and  our  marriage  celebrated  in  hell, 
''  we  both  sweat  well  together,  then  we  shall  so  put  off  all 
''  purities  from  us,  as  in  our  dead  bodies  may  be  found  the  greai 
**  treasures,  and  of  us  be  progenited  wealthy  children,"  (Sec 

He  also  in  mystic  language  describes  how  to  oxidise  sulpi 
with  nitric  acid,  and  then  to  distil,  there  remaining  an  '^  antid 
or  treacle,"  evidently  oil  of  vitrioL 

In  the  3rd  part  he  says — "  I  thought  it  necessary  here  to  publi^^^ 
"  that  oyl  of  vitriol  may  be  prepared  divers  ways,  so  as  one    ^^^ 
'*  another  may  prepare  it,  this  way  or  that  way  as  ho  pleasett^' 
And  in  his  corollary  he  says: — 

*' Therefore  I  forbear  to  write  now  at  this  time.      Let 
**  who  cannot  content  himself  with  those  here  written,  search  tl* 
''  monuments  of  philosophers  writing  that  there  is  such  an  art^ 
''  the  benefit  of  which,  with  one  only  pound  of  coals,  a  whol 
''  pound  of  oyl  of  vitriol  may  be  distilled.     Yet  such  an  artifi 
'*  must  not  so  soon  be  spread  among  the  people.     To  whomsoev 
''  God  reveals  the  same  he  may  prepare  it  according  to  his  o 
'*  desires ;  if  it  be  otherwise,  let  him  comfort  himself  with 
''  meditation  of  patience,  viz. : — that  he  was  not  worthy  <tf 
''  great  gifts." 

Glauber  was,  like  most  of  the  chemists  of  his  time,  not  a 
egotistical,  as  the  following  verse  from  his  book  of  dialogues  w^  ^^ 
show. 

*'  It  was,"  he  says,  '*  presented  to  him  by  a  learned  man" — 

'<  Thy  simame,  John  Glauber !  given  was,  as  unto  faith  reUtiDg, 
'*  Yet  by  good  right  it  should  have  squared  unto  thy  operatang; 
'*  Faith's  objects  are  invisible,  but  yet  such  things  do  you, 
"  As  would  at  first  be  scarce  believed,  produce  by  art  to  view." 

He   further   on   speaks  of  the   common  way  of  making  th^ 
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corrosive  oyl  of  vitriol,  as  requiring  a  fire  to  be  kept  up  for  40 
or  50  hours,  which  is  a  very  tedious  work ;  but  the  adepts  can 
force  over  a  pound  of  oyl  of  vitriol  in  an  hour's  time,  with  very 
few  coals. 

*'  I  have  recommended  this  compendious  method  of  making  oyl 
of  vitriol  and  sulphur  to  some  men,  but  they  adhered  so  close  to 
their  old  lingering  way  that  they  were  regardless  of  a  better,  not- 
withstanding that  the  oyl  of  vitriol  and  the  acidum  of  sulphur  are 
the  basis  of  all  the  common  hermetical  medicines,  for  all  other 
mineral  spirits  are  by  them  easily  to  be  obtained." 

It  is  easily  seen,  therefore,  that  he  was  perfectly  alive  to  the 
fact  that  sulphuric  acid  could  be  produced  either  by  the  distillation 
of  the  sulphates  or  by  the  combustion  of  sulphur  alone,  or  in 
admixture  with  nitre,  as  well  as  by  the  oxidation  of  sulphur  by 
nitric  acid. 

Referring  to  its  production  from  sulphur,  he  says  (P.  54,  Part 
I.,  pt  2,  Phil.  Furnaces) : — 

''  1600  A.D.  To  reduce  sulphur  into  a  soure  spirit  or  oyl  hath 
been  sought  hitherto  by  many,  but  found  by  few.  Most  of  them 
made  it  in  glass  bells,  but  got  veiy  little  that  way,  for  the  glasses, 
1>eing  quickly  hot,  could  not  hold  the  oyl,  so  that  it  went  away  in 
a  smoak. 

**  Some  thought  to  get  it  by  distilling,  others  by  dissolving,  but 
none  of  all  these  would  do  the  feat,  which  is  the  reason  why  now- 
a-days  it  is  to  be  found  almost  nowhere  right ;  and  in  the  drugsters' 
and  apothecaries'  shops  they  usually  sell  oyl  of  vitriol  instead  of 
it,  which  by  far  is  not  to  be  compared  in  virtue  to  the  oyl  of 
sulphur,  for  this  is  not  only  of  a  far  pleasanter  soure  taste,  but  in 
efficacy  also  much  exceeds  the  other.  ***** 
"  I  thought  good  to  set  down  the  preparation,  though  it  be  not 
done  in  this  our  distilling  furnace,  but  in  another  way,  by  kindling 
and  burning  it,  as  followeth  :- 

'*  Make  a  little  furnace  with  a  grsite,  upon  which  a  strong  crucible 
most  be  fastened,,  resting  on  two  iron  bars,  and  it  is  to  be  ordered 
so  that  the  smoak  be  conveyed  (not  above  by  the  crucible,  but) 
through  a  pipe  at  the  side  of  the.  furnace ;  the  crucible  must  be 
filled  with"  sulphur  even  to  the  top,  and  by  a  coal  fire,  without 
flame,  be  brought  to  burn  and  kept  burning. 

"  Over  the  burning  sulphur  a  vessel  is  to  be  applied  of  good 
strong  earth,  like  unto  a  flat  dish  with  an  high  brim,  wherein  is 
always  cold  water  to  be  kept,  and  whereunto  the  burning  sulphur 
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doth  flame,  which  thus  burDing  its  fatness  consumeth,  and  the 
acid  salt  is  freed  and  sublimed  to  the  cold  vessel,  where  it  is 
dissolved  by  the  air,  and  in  the  form  of  a  sharp  oyl  runs  from  the 
hollow  vessel  into  the  receiver,  which  must  be  taken  off  sometime 
and  more  sulphur  supplied,  instead  of  that  which  hath  been 
consumed,  to  the  end  that  the  sulphur  may  still  bum  in  the 
crucible,  and  beat  with  the  flame  to  the  cold  head;  and  within 
few  days  you  will  get  a  great  quantity  of  oyl,  which  else  by  the 
(campand)  glass  bell  in  many  weeks  could  not  have  been  done." 

I  have  here  a  rough  drawing  of  a  furnace  designed  by  Glauber, 
for  the  production  of  oyl  of  sulphur.  It  is  not  very  fully 
described,  but  is  to  l)e  made  of  good  stoneware,  hard  burnt,  and 
"  in  its  diameter  at  least  two  feet  broad,  or  rather  if  it  may  be, 
three."     [See  Plates  III.  and  IV.] 

In  the  drawing  the  various  parts  are  marked  by  letters : — 

A  is  the  standing  part  of  the  furnace. 

£  the  lower  hemisphere  or  half  globe,  which  is  to  contain  the 
sulphur,  or  what  you  intend  to  make  into  oils  or  spirits. 

C  the  upper  hemisphere,  with  its  pipe  to  draw  the  oils  or  spirits 
by. 

/>  the  body  to  hold  the  water. 

£  the  ca\'ity  or  top  of  the  body  to  put  in  the  water. 

This  form  he  improved  upon  in  his  so-called  second  furnace, 
which  I  have  here  a  drawing; — 

A  represents  the  Furnace,  with  an  iron  or  earthen  distilli*- 
vessel  fastened  into  it,  whereunto  a  receiver  is  attached. 

B  the  distiller,  with  his  left  hand  taking  off  the  cover,  and 
his  right  hand  casting  in  the  prepared  matter. 

C  Wic  external  form  of  the  distilling  vessel 

/>  the  external  form  of  the  distilling  vessel 

E  another  form  of  distilling  vessel  which  is  not  festened  in 
furnace,  but  standeth  only  upon  ovals. 

This  form  of  furnace  he  speaks  of  as  specially  suitable  for  t- 
distillation  of  oyl  of  vitriol  from  sulphate  of  iron. 

The  furnace  being  heated  until  very  hot,  the  lute  or  groove 
which  the  lid  sits  is  to  bo  filled  with  melted  lead,  and  the  operati* 
is  conducted  by  raising  the  lid  and  casting  in  the  material  to 
treated,  and  at  once  closing  the  lid  again.     The  operation  is  to 
repeated  as  often  as  may  be  needed,  the  residues  being  from  tii^^ 
to  time  extracted  by  a  spatula. 

1670   A.D.     About  the   same   period   we  have  the  works  ^ 


^"•J^tg 


"'"'"''  F.r„,. 


Nicholas  le  Febure 
1670 


o/Cias^ew.  MS/'A 


The  Bell  to  make  ily  the  Eager  or 
the  Spirit  y|  of  Sulphur. 


a    The  Qi'eat   earthen   vessel  cf 
Potter's   clay  or  other  stiffs  clay. 
rThe  dish  that  contains   y' 
'.'  fagrfitng   Sulphur 

^The  Bell. 

;•:&,-  The  supporters  that  uphold 
y*  dish. 
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KOLAS    LE   FebUBE  /^LATeV^ 


The   Furnaces 
to  make  Oyle 


and  Vessailles 
of  Sulphur. 
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Nicholas  or  Nicasius  Lefibure,  Royal  Professor  in  Ohymistry  to 
His  Majesty  of  England,  and  a  Fellow  of  the  Royal  Society.  In 
the  English  edition  of  his  works,  published  in  1670,  the  method  of 
producing  sulphuric  acid  at  this  time  is  very  clearly  described, 
first  by  the  usual  distillation  of  sulphate  of  iron  (or  vitriol),  and 
moi*e  especially  of  the  sulphuric  acid  from  sulphui*,  or  the  spirit  of 
brimstone,  as  he  calls  it     He  says  (p.  300,  Part  II.) : — 

"  Tlie  distillation  of  suUphur.  —  The  sons  of  art  have  sought 
long  how  to  find  a  way  of  distilling  from  sidphur  of  1)rimstone  a 
good  acid  spirit,  which  they  improperly  call  the  oyl  of  sulphur, 
and  to  draw  a  quantity  from  it,  which  hath  caused  a  hundred 
uiannei's  of  contrivances  and  processes  They  have  also  endeavoun?d 
to  turn  brimstone  into  an  unctuous  oil,  which  might  be  fit  both 
for  inward  and  outward  diseases,  wherein  everybody  hath  brought 
his  mite  of  experience  and  industry  to  attain  that  end ;  but,  as  we 
have  found  that  brimstone  hath  boen  vitriol  before  it  could  attain 
the  character  of  sulphur,  our  wonder  hath  been  the  greater  that 
they  should  have  laboured  so  much  to  get  out  that  acid  spiiit, 
since  they  do  confess  themselves  that  the  spirit  of  vitriol  is  like  in 
virtue  and  operation  to  that  of  brimstone,  and  it  will  be  easier  to 
<lniw  11>.  X.  from  one  than  lb.  ^  from  the  other. 

*'  We  must  confess,  notwithstanding,  that  there  shall  be 
something  found  more  quick  and  subtil  in  thti  acid  of  brimstone 
than  in  that  of  vitriol,  because  the  substance  from  which  it  is 
extracted  hath  been  more  exalted,  more  concocted,  and  ripen(?d 
than  vitriol,  which  is  much  inferior  in  these  respects,  and  con- 
sequently more  undigested. 

*•  Wherefore  we  will  declare  two  ways  which  have  evca-  been  very 
successful  unto  us,  to  draw  the  acid  of  sulphur  or  brimstone: — 
We  have  caused  a  draught  to  be  made  of  the  ligiu'e  of  the  vessels 
for  both  these  operations,  because  the  mind  of  the  artist  is  more 
forcibly  toucht  with  the  representation  of  them,  and  he  may, 
therefore,  better  apprehend  how  to  dispose  of  things,  for  objects 
move  moi-e  powerfully  the  apprehensive  faculty  than  words  can 
do ;  wherefore  we  refer  to  the  ensiung  scheme  they  that  shall  be 
inclined  to  put  in  practice  the  following  operation : — 

"  Take  a  great  gniy  earthen  pan,  in  the  midst  whei-eof  place  an 
iron  trufoot,  capable  of  upholding  an  (earthen  dish,  glazed  without 
luid  within;  fill  up  this  dish  with  brimstone  beaten  to  coarse 
powder,  and  melt  it  by  a  slow  heat,  then  set  it  on  fire  with  a 
brimstone  match,  or  an  iron  made  red-hot  in  the  fire;  after  which. 
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bang  up  a  glass  bell,  sucb  as  tbose  that  are  used  to  cover  meluus; 
let  it  be  moistened  with  aqua  vita*  above  the  earthen  dish,  so  as 
the  flame  may  come  in  the  bell,  but  not  reach  to  the  top  or  touch 
it;  take  also  care  that  there  be  not  more  distance  between  the 
circumference  of  the  pan  and  that  of  the  bell  than  the  breadth  of 
an  inch,  or  one  inch  and  a-half,  because  this  space  is  sufficient  to 
entertain  the  flame  of  the  brimstone,  and  hinder  the  extinction 
thereof,  which,  if  it  should  happen,  great  care  must  be  had  to 
kindle  it  again,  that  no  interruption  may  happen  in  the  work: 
and  when  all  the  brimstone  shall  be  spent,  have  another  dish  to 
substitute  in  the  place  of  tlie  other. 

"  So  shall  you  have  the  true  spirit  of  sulphur  per  capanum 
ver}'  heavy  acid,  and  of  a  brown  red  colour,  if  the  time  hath  not 
been  too  moist  and  the  brimstone  not  too  much  impregnated  with 
the  vitriolic  salt. 

"  And  if  the  distilled  liquor  proves  to  be  only  clear  and  yellow, 
let  it  be  rectified  and  the  superfluous  phlegm  thereof  drawn  away. 

'*  The  artist  may  place  as  many  earthen  pans  and  bells  under  a 
chimney  as  it  can  hold  to  advance  the  more  his  work,  for  he  may 
as  easily  use  four  or  five  as  one.  Above  all  things  choose  that  of 
the  two  equinoxes — vernal  and  autumnal — to  work  this  spirit, 
that  season  l>eing  moist  for  the  most  part,  and  rainy,  which  is  a 
thing  necessary  in  this  operation,  otherwise  you  shall  draw  very 
little  spirit  from  lb.  1  of  brimstone ;  because,  if  the  air  be  too  dry 
by  intervention  of  cold  or  heat,  it  is  not  capable  of  coagulating  the 
acid  and  vitriolick  spirit  of  the  brimstone,  which,  contrariwise,  is 
totally  dissipated  with  the  fat  and  inflammable  substance  of  the 
brimstone.  We  will  speak  of  the  virtue  and  faculties  of  this 
spirit  after  we  have  taught  the  second  method  of  preparing  it 

"  TVw  second  inaiiiier  of  making  tJie  spirit  of  sulphur  and 
brimstone, — Have  a  small  furnace  of  baked  earth  capable  of 
receiving  a  strong  earthen  cucurbit  which  may  well  endure  the 
fire,  having  a  square  hole  made  in  the  body  or  belly  of  it. 
whereto  a  piece  to  close  it  up  must  be  exactly  fitted;  let  the 
cucurbit  also  have  four  small  eminences,  distant  the  one  from  the 
other  to  keep  up  the  border  of  the  limbeck  head  which  is  to  be 
applied  upon,  that  there  may  be  room  and  air  to  let  go  and  evacuate 
part  of  the  smoke  ascending  from  the  brimstone  when  it  takes 
flame,  otherwise  you  should  have  nothing  but  acid  flowers  and  a 
whitish  liquor.  This  done,  heat  softly  the  cucurbit  at  first,  then 
increase  the  fire  until  it  become  red,  and  having  at  hand  veiy  good 
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oQstone,  well  chosen  aiid  diy,  beaten  to  gross  powder,  throw  in 
>ut  z.  ij.  thereof  at  once  into  the  cucurbit  through  the  square 
e,  and  immediately  shut  it  close  again ;  thus  continuing  until 
ascending  vapours  begin  to  condensate  themselves  and  thicken 
the  still-head,  and  drop  down  into  the  recipients  which  must  be 
»lied  to  both  noses  of  the  still. 

^  You  must  also  make  choice  of  a  moist  and  rainy  weather  to 
rk  this  spirit,  if  you  will  have  it  in  quantity;  the  time  being 
sonable,  the  brimstone  good,  the  artist  watchful  in  keeping  up 
fire,  and  throwing  in  brimstone  as  soon  as  the  flame  doth  cease, 
I  may  hope  oz.  1^  from  each  lb.  of  brimstone.  The  proportion 
:>he  furnace  and  necessary  vessels  for  the  work  may  be  better 
n  by  the  artist  in  the  figure  than  we  could  be  able  to  describe." 
.683.  In  a  little  book,  entitled 

'hymical  Secrets  and  Hare  Experiments  in  Physick  and-  Philo- 
sopy,  with  Figures,  Collected  and  Experimented  by  the  Honour- 
able and  Learned  Sir  Kenelm  Digby,  Chancellor  to  the  late 
Queen  Mother  of  England. 
Published  since  his  death   by  Ceorge  Hartman,  Chymist  and 

Steward  to  the  aforesaid  Sir  Kenelm. 
Printed  for  Will  Couper,  at  the  Pelican,  in  Little  Britain.  1683." 
rhe  second  part  of  the  volume  is,  curiously  enough,  dated  1862. 
Chere  is  a  description  of  an  improved  arrangement  of  the  bell 
icess,  sent  by  the  Abbot  Boncund,  of  Paris,  to  Sir  Kenelm 
jby,  evidently  some  years  previously.  It  is  headed 
^A  process  Iiow  to  make  a  most  excellent  oyl  of  sulphur  in 
tndance. — Take  an  earthen  pan  of  stoneware,  in  the  midst 
reof  lay  a  piece  of  brick,  upon  which  set  an  earthen  porringer 
I  of  sulphur  grossly  beaten,  then  put  isdr  water  into  your  pan, 
;  not  so  much  as  to  touch  the  said  porringer,  then  kindle  the 
phur  and  cover  it  with  a  bell,  so  that  the  bell  touch  the  water, 
I  that  the  fumes  may  not  come  out,  but  may  condense  and  run 
rn  into  the  water,  which  afterwards  must  be  separated  in  B. 
h  a  moderate  heat.  To  set  the  sulphur  on  flre,  you  may  put 
3  it  a  square  or  round  piece  of  iron,  made  red  hot  in  the  fire. 
^Note  hyHartman. — In  my  opinion  if  the  bell  touch  the  water, 
I  that  it  hath  no  hole  at  the  top,  so  that  the  sulphur  have  no 
it  will  not  bum.  I  judge  the  best  way  to  be  thus: — Let  the 
ringer  stand  in  the  water,  but  not  so  deep  as  the  water  bear  it 
and  make  it  float;  if  it  stand  half-way  in  the  water  it  will  do, 
the  weight  of  the  sulphur  will  keep  it  down,  and  the  heat  of 
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th()  lx)iTinger  will  heat  the  water,  aiid  the  vapours  and  steams 
thereof  will  mix  with  the  fumes  of  the  sulphur,  and  make  them 
condense  the  better,  and  so  distil  down  together  into  the  water. 

''  The  bell  should  be  such  an  one  as  is  now  in  use,  with  a  long 
neck,  and  a  hole  at  the  top,  which  should  not  touch  the  water  nor 
the  pan,  but  should  be  suspended  in  such  a  manner  that  there  be 
some  distance  between  the  brim  of  the  bell  and  the  sides  of  the  pan." 

We  have  here  the  first  attempt,  so  far  as  I  can  find,  to  use 
steam,  instead  of  trusting  to  the  moist  weather  usually  recom- 
mended for  the  process,  and  also  the  idea  of  continuous  action,  by 
having  a  current  of  air  passing  tJirough  the  apparati:^s. 

About  this  time  (in  1666,  according  to  Wurtz),  Le  Fevre  and 
Lemery  proposed  the  use  of  an  admixture  of  nitre  with  the  sulphur 
when  burnt  under  the  bell.  It  is  usual  to  give  L^mery  the  credit 
of  this  as  a  discovery,  but  I  think  it — he  gives  a  ])roce8S  for  the 
use  of  nitre  and  sulphur  in  his  Churtz,  1698 — will  be  quite  evident 
from  the  extracts  I  have  given  from  Glauber,  that  its  action  was 
known,  though  not  clearly,  and  that  it  was  employed  long  before 
Lemery's  time  in  the  process  of  making  sulphuric  acid  from 
sulphur. 

It  is  curious  how  often  one  comes  across  things  of  this  kind, 
where  some  one  gets  all  the  credit  for  a  discovery  which  has  been 
in  reality  known  for  a  long  time  previously.  For  instance,  the 
alkali  process  Ls  usually  supposed  to  have  been  originated  by 
Leblanc  Dize,  but  in  Foueroy's  Chemistry,  published  in  1789,  he 
says  : — 

**  One  feels  to-day  the  need  of  a  more  important  use  than  all 
**  these  (of  common  salt),  the  extraction  of  the  soda,  which  becomes 
•*  every  day  more  and  more  rare,  and  which  is  necessary  in  all  the 
"  ai-ts.  Many  persons  ix)ssess  this  secret  in  England,  and  with- 
**  draw  on  a  large  scale  the  swla  from  the  salt  of  the  sea." 

1740.  The  lii-st  manufactory  for  tlie  fabrication  of  vitriol  was 
established  by  a  Dr.  Joshua  Ward,  who  was  granted  a  patent,  in 
conjunction  with  a  John  White,  in  1749,  June  23rd,  No.  644. 

The  wording  of  th(i  specification  is  quaint,  and  worth  giving 
here  : — 

'^  A  cei*tain  acid  spirit  of  sulphur,  with  sulphur  and  saltpetre, 
which  in  all  things  answers,  and  in  some  excels  oyl  or  spirit  of 
vitriol.  The  acid  spirit  of  sulphur  is  made  by  powdering  and 
mixing  a  proportionable  quantity  of  roughstone  or  flower  fA  biim- 
stone  and  saltpetre,  putting  the  mixture  into  a  glass  Tessel  and 
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setting  fire  to  it,  which,  by  burning,  afterwards  condenses  into  an 
acid  spirit  of  sulphur." 

The  quantity  of  sulphur  and  saltpetre  cannot  be  ascertained,  as 
they  differ  "  not  only  with  the  quality  of  the  sulphur  and  the  salt- 
petre, but  also  according  to  the  various  seajsons  of  the  year  and 
different  weather,  when  the  air  has  at  times  so  extraordinary  effect 
that  without  proper  alterations  the  matter  yields  not  above  half 
the  quantity  of  spirit  as  at  other  times,  for  which  changes  it  is 
impossible  to  give  any  general  rules,  nor  is  it  known  but  by  obser- 
vation and  experience." 

It  was  not  till  1766  that  a  lead  chamber  was  erected  in  France 
by  Holeker,  at  Rouen,  but  in  1774  La  Fallie  introduced  steam 
into  the  chamber  (no  doubt  following  in  this  the  advice  of  some  of 
the  earlier  chemists,  who,  as  we  have  seen  in  the  case  of  Sir 
Kenelm  Digby's  man  Haitmau,  advised  to  hav(i  the  vapours  oti' 
the  water  rising  in  the  bell). 

Clement  Desormes  pointed  out  in  1793  that  the  chambers  could 
be  worked  by  a  constant  current  of  gas,  but  this  idea  does  not 
seem  to  have  been  worked  out  till  about  1810  in  actual  practice  in 
France,  and  even  later  in  England.  So  far  as  Scotland  is  con- 
cerned, the  manufacture  spread  very  rapidly,  and  in  1797  there 
were  in  Glasgow  about  at  least  six  or  eight  different  factories. 

In  this  year  the  question  of  the  strength  of  the  conmiercial 

vitriol  seems  to  have  received  a  good  deal  of  attention,  and  a  set 

of  hydrometers  invented  or  arranged  by  a  Mr.  Foy,  a  chemist,  at 

that  time  engaged  in  bleaching  operations.     The  following  is  a 

note  of  the  cost  of  manufacturing  950  bottles  of  vitriol  (of  150  lb«. 

each): — 

Mr.  M *s  Business,  1798. 


25  tons  Sulphur— say  at  £40,  . . .       £1,000     0     0 

7    „     Nitre  „     £100,  ...  700     0     0 

r^oald 

\y\ftmMOy         ...  ...  ...  . 

Wages  and  Houses  for  Men,  . 
Tear  and  wear  of  Utensils, 
Rent  and  Buildings,   ... 
Cartages, 


105  0  0 

250  0  0 

30  0  0 

70  0  0 

40  0  0 


142,500  lbs.  O.V.,  at  6id.,  £3,859  17     G 
Less  disct.  at  10  7^,    !..  385  19     9 


£2,195     0     0 


3,473  17     9 


Profit,  £1,278  17     9 
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This  gives  nearly  64  tons  of  acid,  costing,  say  £32  per  ton,  and 
selling  for,  say  <£54  nett  cash. 

Description  of  method  of  working  then  in  use  by  Messrs. 
Bealy,  RadclifFe,  near  Manchester: — 

May,  1799.  "There  were  six  chambers,  12  ft  by  10  ft  by 
10  ft.,  roofed  like  a  cottage.  They  were  placed  in  houses  having 
openings  in  the  brick  walls,  leaving  the  lead  to  be  exposed  to  the 
atmosphere. 

"  This  is  perhaps  of  more  use  in  expediting  the  filling  of  the 
chambers  with  fresh  air  than  in  hiding  condensation.  Mr.  Laird 
(a  Glasgow  manufacturer  of  the  period)  says  that  the  hotter  the 
chambers  are  kept  the  condensation  is  the  more  perfect 

"  Each  of  these  chambers  has  a  valve,  which  is  opened  between 
the  burnings. 

"  In  them  there  is  burned  each  week  1,386  lbs.  sulphur,  and 
198  lbs,  nitre,  burnt  in  double  pans,  the  larger  above  the  lesser^ 
and  yielding  1,800  lbs.  of  o.v.  of  1*8  sp.  gr.  (equal  to  a  produce  of 
130  per  cent,  on  sulphur,  with  14*28  per  cent  of  nitre). 

"  Eight  to  nine  inches  of  water  on  the  floor  of  the  chamber. 

"  The  sulphur  and  nitre  are  mixed  in  the  proportion  of  one  of 
nitre  and  seven  of  sulphur. 

''  Of  this  mixture  8  lbs.  are  burned  in  each  chamber  every  four 
hours.  The  mixture  is  burned  on  iron  plates,  or  tra3rs,  of  which 
there  ai*e  two  sets  only  in  each  chamber  (more  not  being  found 
so  productive),  each  set  consisting  of  two  plates,  one  placed  over 
the  other  about  3  J  inches  apart. 

"  The  iron  Ls  of  best  quality  and  very  thin,  so  that  they  heat 
quickly.  They  are  supported  in  a  frame,  which  can  be  drawn  out 
at  the  door  of  the  chamber. 

"  One  pound  weight  of  the  mixture  is  put  upon  the  lower  plate, 
and  three  pounds  on  the  upper  plate. 

**  The  plates  being  charged,  the  lower  plates  are  first  ignited,  and 
when  fairly  lit,  then  the  upper  plates;  the  frame  is  then  pushed 
into  the  chamber,  and  the  door  shut. 

"  The  whole  will  be  finished  burning  in  one  hour. 

"  Charge  again  three  hours  after  the  burning  is  over,  or  once 
every  four  hours,  opening  the  doors  and  valves  a  quarter  of  an 
hour  beforehand. 

"  The  plates  to  be  cleaned  each  time. 

'^  By  keeping  this  going  on,  they  in  six  weeks  made  thdr  o.v. 
attain  a  gravity  of  20  oz.  (1*250  sp.  gr.),  when  it  is  run  off  for 
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ooncentration  to  22  oz.  (1*375  sp.  gr.),  when  it  is  used  for  bleach- 
ing liquors,  etc.,  etc. 

"  Having  six  chambers,  therefore,  affords  one  for  drawing  off 

each  week. 

"  State  agreeable  to  the  al>ove — 

1,386  lbs.  Sulphur,  ®  £22,         £13  12  3 

198  lbs.  Nitre,  @  £64,              5  13  li 

Labour,     ...         ...         ...  ...         ...  1  1  0 

Tear  and  wear,      ...         ...  ...         ...  1  I  0 


£21     7     4i 


Off  for  drawback  on  Sulphur,  at 

£6  12s.  8d.  per  ton,  4     2     0* 


Producing  1,800  lbs.  o. v.,  costing,  ...      £17     5     4 

"  Equal  to  2Jd  per  lb.,  or  £21  10s.  per  ton. 

*'  Interest  on  sunk  capital  omitted  in  this  state." 

The  prevalent  theory  held  at  this  time  may  be  seen  from  the 
subjoined  note : — 

**  When  sulphur  is  heated  to  302**,  it  bums  with  a  blue  fiamo, 
and  the  produce  is  chiefly  sulphurous  acid. 

"  When  sulphur  is  heated  to  570^,  it  burns  with  a  white  flame, 
and  the  produce  is  sulphuric  acid." 

Numberless  experiments  were  conducted  with  the  view  of  being 
able  to  bum  the  sulphur  at  the  proper  degree  of  heat  which  should 
yield  only  sulphuric  acid. 

The  fjEu^t  that  a  quantity  of  nitrate  of  potash  only  equal  to  on('- 
eighth  of  the  oxygen  required  was  sufficient  for  practical  purposes 
seems  to  have  given  rise  to  the  most  extraordinary  ideas  at  tliis 
time. 

The  foUowing  calculations  give  a  good  illustration : — 

"  100  of  nitrate  of  potash,  according  to  Kirwan,  contains  41-2 
of  nitiic  acid,  46*15  potash,  and  12*83  water. 

"  The  acid  of  nitre  consists  of  7  of  oxygen  and  3  of  azote,  hence 
100  nitrate  of  potash  contains  28*7  of  oxygen. 

"100  of  sulphur,  it  appears  from  Kirwan,  requires  140  of 
oxygen  to  saturate  it,  or  convert  it  all  into  sulphuric  acid. 

•*  100  acid,  therefore,  consists  of  41*67  sulphur  and  58*33 
oxygen. 

"  Consequently  100  sulphur  would  require  the  oxygen  of  52;") 
of  nitrate  of  potash  for  complete  saturation. 

**  When,  therefore,  the  maker  of  sulphuric  acid  adds  10  of  nitre 
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to  100  of  sulphur,  he  has  only  2*8  of  oxygen,  which  will  saturate 
only  2  of  sulphur. 

"  Now,  10  of  nitrate  of  potash  contains  4*612  of  alkali,  that 
jilkali  is  converted  into  sulphate  of  |K)tash,  and  requires  for  this 
4  -5  sulphuric  acid  in  that  state  in  which  it  exists  in  the  sulphate 
of  potash  (it  contains,  by  Kirwan,  45  acid  and  55  potash) — that 
is,  the  potash  of  the  nitre  takes  more  acid  than  is  produced  by  the 
oxygen  contained  in  the  nitre,  with  its  pix)per  proportion  of 
sulphur. 

"  The  nitnj,  therefore,  used  in  the  manufacture  of  sulphuric 
acid,  does  not  produce  any  acid  which  the  manufacturer  can  be 
the  better  of.  It  produces  no  sulphuric  acid  in  an  uncombined 
state.  The  only  other  purpose  it  can  serve  is  to  produce  such 
rapid  inflammation  of  the  sulphur  as  will  be  pixxiuctive  of 
sulphuric,  instead  of  sulphurous,  acid — that  is,  it  produces  a 
white  flame,  and  the  temperature  of  570**. 

"  Even  with  nitre  a  great  deal  of  blue  flame  is  present,  and 
consequently  much  sulphurous  acid  formed,  and  this  sulphurous 
acid  is  all  lost  to  the  manufacturer,  as  it  flies  ofl*  in  the  operation. 

"The  manufacturer,  at  most,  produces  from  100  sulphur  168 
of  marketable  oil  of  vitriol  of  1  '846  sp.  gr. 

"  But  100  parts  of  sulphuric  acid  at  this  strength  is  equal  to  89 
at  2*000,  which  Kirwan  calls  his  standard  acid,  and  100  standard 
acid  is  equal  to  89*25  of  acid  such  as  exists  in  sulphate  of  potash, 
or  100  pai-ts  acid  at  1*846  sp.  gr.  are  equal  to  78  as  existing  in 
sulphate  of  potash. 

"The  manufacturer,  therefore,  only  gets  125*6  add  such  as 
exists  in  sulphate  of  potash,  whereas  100  parts  sulphur  should 
j)rocluce  240  parts  of  such  acid,  deducting  2  parts,  which  go  to  form 
the  sulphate,  leaving  238  parts. 

"  These  238  parts  are  equal  to  290  at  1*846  sp.  gr.,  which  ought 
to  bo  the  produce,  instead  of  168. 

"  Hence  only  55  parts  of  the  100  sulphur  used  to  go  to  form 
sul|)huric  acid,  and  45  parts  are  lost. 

"  Some  part  of  this  45  may  indeed  be  impurities — allow  5  per 
cent,  on  this  account — still  the  manufacturer  loses  40  parts  in 
every  100  of  sulphur. 

"  This  40  parts  is  converted  into  sulphurous  acid  and  5  loGrt" 

The  only  way  to  prevent  this  is  to  bum  the  sulphur  with  a 
wliite  flame,  and  by  raising  the  temperature  in  which  it  is  burnt 
to  570^ 
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At  the  Prestonpans  works  in  1800  they  usecl  per    112  lbs. 
v.g.  o.v. — 

100-8  lbs.  Sulphur,  at  7a, £0     6     3 

13  06  lbs.  Nitrate,  at  36s.,  0     4     2 

All  other  expenses,...         ...         ...         ...         0  10     7 


Cost  delivered  to  purchasers,         ...      £1     1     0 


The  selling  gross  price  being  about  £60  per  ton,  this  is  equal 
to  a  production  of  say  198  per  cent,  acid,  1*84  sp.  gr.,  with  13  per 
cent,  nitre. 

The  size  of  these  chambers  was  most  likely  the  same  as  given  in 
1813,  when  they  had  108  chambers,  14  ft.  long,  10  ft.  high,  and 
4J  ft.  wide. 

In.  1805  a  work  existed  at  Burntisland  which  employed  no  less 
than  360  chambers,  each  8  fL  long,  6  ft.  high,  and  4  ft.  wide, 
containing  1 92  cubic  ft.  each.  Water  equal  to  70  or  80  gallons 
(5  to  6  ins.)  was  run  on  the  bottom,  and  the  charge  was  1  lb.  of  a 
mixture  of  1  nitre  to  6  of  sulphur  every  fom*  hours,  half-an-hour 
allowed  for  ventilation. 

The  burning  was  continued  for  ten  weeks,  in  which  time  36 
chambers  jdelded  60  bottles  rectified  acid — this  being  the  weekly 
produce  of  the  works  : — 

Produce,  ...  173  per  cent,  o.v.,  1-84  sp.  gr. 

Nitre,     ...         ...  166         „ 

Many  more  such  details  might  be  given,  but  it  will  be  more 
instructive  to  trace  the  development  of  this  manufacture  in  the 
progress  of  the  St.  Rollox  Chemical  Works. 

These  works  were  erected  in  1799,  for  the  production  of  bleach- 
ing powder,  a  patent  for  which  had  been  secured  by  Mr.  C. 
Tennant  in  the  previous  year.  Considerable  quantities  of  sul- 
phuric acid  were  required  for  this  manufacture,  and  were  purchased 
from  the  various  local  makers  from  the  Prestonpans  Vitriol  Com- 
pany, and  supplies  were  even  brought  from  Halifax,  the  price  at 
this  time  being  about  £60  per  ton  delivered. 

The  consumpt  increasing  rapidly,  chambers  were  erected  at  St. 
Rollox  in  1803.  These  were  six  in  number,  and  seem  to  have 
been  12  ft  by  10  ft.  by  10  ft.,  costing  to  erect  about  £50  each. 

The  house  in  which  they  were  contained  was  of  three  floors, 
about  50  feet  long  by  24  feet  wide.  The  upper  contained  the 
chambers,  the  next  the  glass  retorts  for  concentrating  the  acid, 
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und  the  lower  the  leaden  evaporating  boilers  used  in  bringing  the 
acid  up  to  strength  for  the  glass  retorts. 

The  system  upon  which  these  chambers  were  worked  was  that 
:is  already  described  as  in  use  by  Messrs  Bealy,  and  the  quantity 
of  sulphur  burned  was  about  1,000  lbs.  weekly,  with  about  14  per 
cent,  nitre. 

Various  modifications  of  this  system  were  tried,  chiefly  to  im- 
pi*ove  the  yield  by  charging  less  often,  until  the  question  of  how 
to  deal  with  the  residues  became  a  serious  one,  and  in  1807  a 
third  plate  was  added,  on  which  the  residues  or  "  sulphur  ashes  ' 
were  rebumed,  mixed  with  a  little  fresh  nitre. 

This  succeeded  so  well  that  considerable  quantities  of  these  in- 
dues were  purchased  from  the  other  makers  over  the  country,  and 
used  up  in  this  way. 

The  sulphur  ashes  contained  from  25  to  50  per  cent,  when  only 
once  burned,  and  cost  about  £5  per  ton. 

At  the  end  of  this  year  a  brick  furnace,  heated  artificially,  was 
attached  to  one  chamber,  and  in  a  short  time  two  chambers  were 
attached  to  one  furnace,  which  was  placed  between  them,  and  had 
i\  flue  to  each  chamber. 

The  furnace  burned  the  sulphur  ashes,  mixed  with  a  portion  of 
fresh  sulphur  and  nitre.  It  worked  almost  continuously,  the  gas 
passing  into  one  chamber  for  a  certain  time,  the  other  meanwhile 
being  shut  off  by  means  of  a  damper;  then  the  first  chamber 
damper  was  closed  and  the  second  opened.  No.  1  chamber  was 
allowed  to  conde^se  for  some  time,  and  then  the  air  valves  and 
doors  were  opened  to  let  in  a  fresh  supply  of  air. 

There  were  14  chambers  at  work  in  this  year,  during  which  a 
produce  of  about  200  of  acid,  of  1*84  sp.  gr.,  seems  to  have  been 
obtained  from  100  sulphur  with  15  per  cent,  nitre.  At  the  end 
of  1809  there  were  in  operation  26  chambers. 

In  1811,  furnaces  heated  externally  were  applied  to  all  the 
chambers,  which  were  increased  in  number  to  32,  arranged  in  sets 
of  two  or  three  eacli.  * 

Sulphur  ashes  were  used  in  large  quantities. 

The  strength  of  the  chamber  acid,  which  had  hitherto  only  been 
about  50*"  to  60**  Twaddell,  was  gradually  raised,  and,  steam  having 
been  introduced  about  1813  or  1814,  a  strength  of  100"  to  120* 


*  Red-hot  plates  of  about  a  foot  square  and  $  in.  thick,  in  ase  generaUy 
by  other  makers. 
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Twaddell  was  attained,  and  the  process  became  more  or  less  a 
continuous  one. 

From  this  time  till  about  1840,  the  changes  in  the  manu- 
facture were  chiefly  in  the  direction  of  improving  the  form  of  the 
apparatus,  both  in  chambers  and  furnaces.  Pyrites  were  first 
used  in  1840. 

Communications  with  Hill  show  that  he  was  using  pyrites  in 
1820,  in  a  chamber  50  in.  by  26  in.  by  22  in. ;  and  Gay 
Lussac's  method  of  recovering  the  nitrous  compounds  by  absorbing 
them  in  strong  vitriol  in  1844,  introduced  by  a  Mr.  De  Courcy. 

This  was  followed  almost  immediately  by  Mr.  C.  T.  Dunlop's 
method  of  manufacturing  bleaching  powder  by  the  decomposition 
of  a  mixture  of  salt  and  nitrate  of  soda,  which  gives  off  a  mixture 
of  chlorine  and  nitrous  acid.  The  latter  is  absorbed  in  strong 
vitriol,  and  used  as  the  source  of  nitrous  acid  in  the  chamber& 

Various  methods  of  denitrating  this  nitrous  vitriol  were  from 
time  to  time  tried,  and  the  most  successful  perhaps,  prior  to  the 
introduction  of  the  Glover  Tower,  was  a  wall  of  coke  extending 
across  the  chamber,  through  which  all  the  gases  had  to  pass,  while 
it  was  kept  supplied  with  nitrous  vitriol  at  various  points,  so  as 
to  expose  it  in  as  thin  films  as  possible.  This  method  worked 
extremely  well  for  many  years. 

The  methods  now  in  use  in  the  manufacture  at  these  works 
differ  but  little  from  the  general  system  in  use  by  the  other  large 
manufacturers  of  Great  Britain. 

The  following  list  of  vitriol  makers  in  England  is  interesting, 
compiled  in  1820 — 


Name. 


Situation  of 
Works, 
.foundnim  &  Ck>.,    London. 
Farmer, 
Smith, 
Hill,    - 

D.  Taylor  de  Sons, 
Liddiard, 
Dobbe, 

Skey  &  Beudley,  -  Staffordshire. 
Caves  &  Co.,        -  Bristol. 
Bush,  -        -        -        >, 
Dobbs,         -         -  Birmingham. 
Austen, 


99 


Name. 


Situation  of 

Works. 

Birmingham. 


Phipson, 
Paton,  „ 

Bower  &  Sons,  -  Leeds. 

Norris  &  Son,  -  Halifax. 

Betson,         -  -  Rothcrham. 
Doubleday,  Easterby, 

&  Co.,       -  -  Newcastle. 
Rawson  &  Sons,      Bolton. 

Do.,  -        „ 

Watkins,  -  Manchester. 
Mutrie  &  Co.,  „ 

Do.,  -  Whitehaven. 


Twenty-three  works  in  all  at  this  date. 
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I  have  now  given  you  a  hasty,  and,  necessarily,  imperfect  idea 
of  the  development  of  the  sulphuric  acid  manufacture,  from  its  small 
beginnings  in  glass  vessels  and  earthen  retorts  up  to  the  enormous 
chambers  of  the  present  day  of  a  capacity  of  60,000  to  100,000 
cubic  feet,  and  I  trust  that  the  subject  has  afforded  you  at  least  a 
passing  interest.  To  myself  it  has  much  more  than  this,  and  the 
study  of  a  gradual  growth,'  as  it  were,  of  a  little  seed  into  the 
mighty  tree,  whose  powerful  trunk  supports  as  its  arms  the  general 
arts,  and  whose  branches  are  laden  with  such  varied  fruits,  in  the 
shape  of  manufactured  products,  has  to  me  a  charm  that  calls  forth 
both  wonder  and  admiration. 


X. — On  the  Occurrence  of  Oped  in  the  Colony  of  Qu^eenaland,  and 
the  Geological  and  Physical  Aspects  of  the  Country  in  which 
they  are  fov/nd.  By  Jas.  K  M.  Bobertson,  M.D.,  F.G.S., 
F.R.G.S.,  Renfrew. 
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Very  few  of  those  to  whom  I  speak  on  Queensland  are  aware 
that  its  surface  area  is  about  8^  times  that  of  Great  Britain,  that 
30  years  ago  there  were  not  more  than  1,800  white  people  settled 
in  this  vast  extent  of  country,  or  that  at  present  it  can  only  boast 
of  a  population  of  217,000,  or  rather  less  than  1  person  to  every 
3  square  miles. 

The  northern  territory  of  Queensland  is  mountainous.  It  is 
covered  by  dense  tropical  vegetation,  and  is  peopled  by  hostile 
tribes  of  aborigines.  Of  this  region  very  little  indeed  of  a  posi- 
tive character  is  known. 

The  east  cocust  of  the  colony  is  fringed  over  its  whole  length  by 
a  high  mountain  chain,  for  the  most  part  composed  of  granite. 
In  parts  these  mountains  are  highly  metalliferous — copper  being 
extensively  distributed  around  Mount  Perry  and  Rawbelle,  and  at 
Copperfield;  and  gold,  both  alluvial  and  in  quartz  reefs,  is  found 
Vou  Xin.— No.  2.  2  o 
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«»vtfr  the  vhole  extent  of  these  imngess.  The  princi|Mi  gold-mining 
localities  are — G jmpie,  in  the  soath,  aroond  Mount  Perry,  Rock- 
hanipton  and  Moriniah,  Charters  Towers,  and  Nebo,  inhmd  from 
Bowen ;  the  Pahner  and  Hodgkinson  districts,  in  the  n<M-th ;  while 
in  the  mountain  ranges  that  join  the  east  coast  with  the  Golf  of 
Carpentaria,  the  Etheridge,  Hoolgar,  and  Gilberton  gold  fields 
have  been  opened  upL  In  the  far  west  the  Cloncorij  copper  and 
gold  fields  (that  I  had  occasion  to  visit)  exist  among  the  outliers 
of  the  M'Kinlay  ranges,  and  from  this  field  the  richest  ores  of 
c<^per  and  the  finest  gold  in  all  Australia  is  obtained. 

Queensland  minends  are  all  of  a  high  order,  in  respect  to  quality 
and  productiveness,  but,  up  to  the  present  moment,  they  have  not 
received  that  attention  from  capitalists  that  they  deserve.  Its 
«)uartz  ree&  carry  a  higher  average  of  gold  than  any  in  Australia, 
yet,  finom  the  rudeness  of  the  manipulative  processes,  and  the  per- 
functory methods  of  mining  practices,  their  working  has  not  been 
attended  with  the  success  that  better  systems  would  have  ensured. 
I  am  pleased  to  be  able  to  make  an  exception  to  this  general 
.statement  in  favour  of  Charters  Towers  amd  Gympie,  where  several 
t*omplete  recovery  plants  have  of  late  been  erected. 

The  coast  ranges  rise  to  an  average  altitude  of  2,000  ft  From 
this  elevation  plateaux  or  tablelands  extend  inland.  The  granite 
formation  has  been  pierced  by  great  belts  of  volcanic  or  intrusive 
rocks,  and  very  large  areas  of  these  tablelands  are  covered  by 
slabs  of  vesicular  basalt  in  process  of  decay — the  decomposition 
gi\dng  rise  to  deep  black  soila  It  is  a  curious  circumstance  that 
these  basaltic  blocks  are  confined  to  the  top,  or  seem  to  float  upon 
the  surface  of  the  soil — the  soil  underiying  them  bang  entirely 
destitute  of  stones.  Other  portions  of  the  plains  are  composed  of 
chocolate-coloured  or  red  soils,  residting  finom  the  decay  of  intrusive 
rocks  containing  iron.  Further  inland,  these  black  and  red  soO 
plains  give  place  to  extensive  downs,  compose^l  of  deep,  darkish-grey 
soil,  overlying  rocks,  evidently  of  oolitic  or  cretaceous  age,  and 
exhibiting  in  parts  a  i^eculiar  cone-in-cone  structore.  All  these 
plains  are  covered  by  a  great  variety  of  the  most  nourishing  and 
permanent  grasses.  These  plains  over  several  degrees  of  latitude 
and  longitude  are  perfectly  level,  and  for  the  most  part  are  feature- 
less and  destitute  of  trees,  and  innocent  of  roads  or  trackai  Over 
them  the  traveller  rides  —often  guided  by  the  oompasa — ^with  no 
landmarks  or  milestones  to  relieve  the  tedium.  He  looks 
constantly  over  an  apparently  illimitable  sea  of  loxariant 
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In  the  moming  ho  sees  the  sun  rise  out  of  the  grassj  sea;  he 
watches  it  ascend  into  the  blue  vault  of  a  cloudless  sky,  again  to 
set  with  gorgeous  splendour  to  illuminate  a  similar  expanse  of 
verdure. 

From  the  Gulf  of  Carpentaria  a  midrib  of  hill  ranges  run 
south  through  the  continent:  250  miles  south  of  the  gulf  the 
M'Kinlay  ranges  branch  off  to  the  east;  and  from  these,  ranges 
run  south  to  form  the  Grey  Coleman,  McGregor,  and  Cheviots, 
that  determine  the  several  water-sheds  of  the  interior. 

The  southern  division  of  Australia,  bounding  upon  Victoria, 
New  South  Wales,  and  South  Australia,  is  more  park-like  in 
character  than  the  central  division  just  referred  to.  A  large 
portion  of  it  is  covered  by  stunted  trees, 'or  a  scrub  of  peculiar 
description — ^its  stunted  character  being  due,  no  doubt,  to  the 
uncertainty  of  the  seasons  and  the  protracted  droughts  to  which 
this  part  of  the  colony  is  subject 

The  country  is  covered  by  recent  rocks,  chiefly  of  soft,  friable, 
unbedded  sandstones  and  indurated  clays.  It  is  intersected  by 
low  ridges  or  belts  of  porphyritic  or  quartzose  rocks.  On  one  of 
these  hard  vitreous  ridges  I  noticed  a  rather  curious  circumstance. 
On  the  very  apex  of  the  flinty  ridge,  with  a  perfectly  arid  land- 
scape all  around,  the  savage  natives  had  dug,  at  a  great  expendi- 
ture of  labour — very  possibly  with  rude  stone  implements — three 
small  holes  or  native  wells.  In  these  wells  water  is  at  all  times 
found,  and  they  have  never  been  known  to  overflow.  They  have 
possibly  been  sunk  upon  some  small  crack  or  fissure  that  exudes 
water. 

The  river  systems  of  this  part  of  the  colony  are  peculiar.  In 
the  dry  season  they  appear  to  be  composed  of  connected  lines  of 
water-holes,  known  as  "billabongs."  During  times  of  drought 
these  are  so  many  reservoirs  for  the  storage  of  water;  but  during 
the  rains  they  overflow,  and  are  often  20  miles  broad.  Such  are 
the  Maranoa,  Warrego,  Paroo,  Bulloo,  Blackwater,  and  Coo|)er^s 
Creek  river  systems. 

The  stunted  scrub  that  covers  large  areas  of  country  is  called 
inulga.  Its  leaves  are  small,  fleshy,  unctuous,  and  lanceolate,  and 
of  a  dark  olive-green  colour.  Where  the  soil  is  particularly  deep 
and  richf  open  plains  occur,  that,  while  moisture  remains,  are 
covered  with  abundant  and  luxurious  gi-asses.  This  is  the  prin- 
cipal cattle-rearing  district  of  Southern  Queensland,  where  great 
mobs  of  bullocks  roam  at  will  *'on  a  thousand  hills  and  bosky 
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dells/'  living  solely  on  the  grasses  and  nutritious  shrubs  that 
abound,  until  they  are  collected  and  travelled  for  hundreds  of 
miles  to  the  Adelaide  and  Melbourne  markets. 

The  district  is  subject  to  droughts.  It  was  near  to  this  that 
the  explorers,  Burk  and  Wills,  with  their  party,  perished  many 
years  ago.  When  I  rode  through  it  in  July  of  last  year,  not  a 
drop  of  rain  had  fallen  for  over  22  months,  and  then  there  was  no 
sign  of  a  change.  The  grass  during  such  prolonged  droughts  gets 
scarce  and  burnt  up,  while  incalculable  quantities  are  annually 
consumed  by  bush  fires.  At  these  times  cattle  enter  the  mulga 
scrub  and  live  and  fatten  upon  the  leaves,  travelling  once  a-day  to 
the  nearest  water-hole  to  slake  their  thirst,  or  they  feed  upon  the 
cotton  or  salt  bush  that,  instead  of  grass,  covers  some  of  the 
plains. 

Very  few  marsupials  are  found  in  this  region;  their  numbers  are 
probably  kept  down  by  the  swarms  of  **  dingoes,"  or  native  dogs, 
that  abound.  To  cattle  these  dogs  do  little  damage,  but  among 
sheep  they  cause  such  destruction  that  squatters  systematically 
poison  them  with  strychnine.  After  nightfall  the  discordant 
howl  of  these  pests,  around  the  camp  tire,  is  quite  loud  enough  to 
awaken  anything  human,  save  the  easy-minded  bushman,  who, 
exhausted  by  a  long  ride,  has  rolled  himself  in  his  blanket,  and, 
with  his  head  on  his  saddle,  has  shut  hLs  eyes  on  the  twinkling 
constellations,  and  with  half  open  mouth  is  snoring  in  a  manner 
that  speaks  volumes  for  the  simple  diet  of  bush  life,  and  the 
invigorating  freshness  of  the  air. 

The  climate  is  salubrious  and  healthy.  During  the  summer 
months  of  November,  December,  January,  it  is  hot,  but  dry,  the 
thermometer  averaging  105°  to  110*  in  the  shade.  The  rainy 
season  occurs,  as  a  rule,  in  February,  when  a  large  part  of  the 
country  is  under  water.  During  March,  April,  May,  the  air  b 
cool,  the  skies  clear,  the  mornings  cold,  and  the  surface  of  the 
earth  covered  with  flowers  and  verdure.  In  June,  July,  and 
August,  the  days  are  bright  and  cool,  the  nights  being  cold,  or 
frosty.  September  and  October  are  the  spring  months,  when  the 
temperature  increases,  and  showers  freshen  the  parched  earth.  In 
the  pure  atmosphere  of  these  regions  there  are  no  febrile  ailments, 
and  little  disease  of  any  description,  save  the  lesions,  and  the  drivel- 
ling idiotcy,  caused  by  drinking  "  doctered  rum  "  or  l-star  brandy, 
at  17s.  6d.  p'^r  bottle.  However  excellent  the  breed  of  cattle  or 
sheep  may  be  in  the  colony,  there  can,  I  think,  be  little  doabt 
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that  its  present  tendency  is  to  breed  a  most  depraved  and 
demoralised  variety  of  the  genus  homo. 

We  had  for  days  been  riding  through  a  broad  belt  of  rough  and 
disconsolate  scrub,  breathing  an  atmosphere  of  pulverulent  dust; 
but,  after  crassing  the  Gray  range,  we  enter  a  broad  ex{>anse  of 
green  and  grassy  downs.  Breathing  the  ethereal  and  invigorating 
brilliance  of  the  dry  air,  our  spirits  rise,  and  we  strive  to  forget  the 
rough  usage,  the  forbidding  desolation,  and  the  dust  of  the  past 
week — borne,  as  we  suppose,  with  exemplary  fortitude  and  Christian 
forbearance.  The  silence  is  profound.  As  we  ride  onwards  the 
feeling  increases  that,  as  far  as  the  absence  of  life,  or  habitation, 
or  occupation,  is  concerned,  I  might  be 

*' .     .     .  the  tirst  that  ever  burst 
Into  that  silent  sea.'' 

Behind  us  the  higher  eminences  of  the  Gray  range  rise  as  out  of  a 
cloud  of  gleaming  vapour,  and  these,  from  their  appearance,  are 
known  as  the  Hay  Ricks,  Ai'ound  us  detached  squadrons  of  emus 
run  in  uncertain  lines ;  and  bef  oi-e  us — over  a  sea  of  verdure — is  the 
mirage  of  a  great  lake.  We  cross  stony  ridges,  or  belts  of  vitreous 
and  highly  transmuted  siliceous  rocks,  over  which  our  unshod 
horses  walk  warily;  and  once  again  we  cross  the  grassy  plain, 
bearing  almost  due  west.  Water  is  scarce.  Sometimes  spaces  of 
25  miles  separate  the  water  holes.  In  some  of  these  liquid  is  seen 
resembling  in  colour  and  consistency  thin  white  paint,  and  this 
decoction  is  imposed  upon  strangers  as  water.  It  tastes  strongly 
of  "  cow." 

We  cross  salt  bush  plains  and  belts  of  flaggy  sandstones,  and  at 
IcLSt — above  the  horizon — the  peculiar  outline  of  the  ranges,  near 
the  locality  where  the  explorers,  Burk  and  Wills,  perished,  rise 
into  view,  and  lends  vaiiety  to  the  scene. 

Next  morning  we  collect  our  shivering  horses  by  moonlight  (the 
grass  and  ground  being  covered  with  hoar-frost  and  the  pools  with 
ice),  and  ere  tbe  orb  of  day  had  arisen  we  were  threading  a  devious 
way  over  frightfully  stony  ridges,  and  through  thick,  prickly  scrub, 
that  tears  the  emblems  of  our  civilisation  and  scratches  our  faces, 
to  emerge  from  it  in  a  condition  of  doubtful  respectability.  We 
ascend  a  range  composed  of  gritty  sandstone,  with  slopes  covered 
with  fallen  blocks  and  decaying  fragments,  piled  up  in  chaotic 
confusion.  Some  of  the  hill  masses  are  of  blood-red  colour,  and 
exude  salts  of  magnesia.      Some  are  olive-coloured,  or  ochrey 
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jellow ;  some  resemble  bathstone ;  some  are  a  blending  of  all 
these.  The  lithological  chai-acter  of  these  rocks  arc  by  no  means 
distinctive,  but  they  are  eWdently  of  tertiary  age.  Porphyritic 
dykes  traverse,  but  do  not  appear  to  disturb,  the  rocks.  High 
overhead  are  crumbling  cliffs  of  mottled  sandstone  of  curious 
outline.  Around  us  the  heat  quivers  in  the  air,  and  against  their 
mural  sides  the  bright  sun  dances  with  a  fierce  delight.  By 
dangerous  paths  we  continue  to  ride  up  the  slopes  of  these 
CemtasticshaixKl  hills,  and  by  some  unaccountable  accident  arrive 
in  safety  at  the  top. 

Not  a  sound,  save  the  j)antLng  of  our  horses,  disturbs  the  solenui 
and  all-prevailing  silenc4\  We  are  alone  with  nature,  in  the  centre 
of  a  great  continent,  and  we  feel  that  he  indeed  must  possess  a 
dull  and  incurious  mind  who  Ls  not  impressed  by  the  singularity 
and  the  charming  loveliness  of  the  scene.  Twenty  miles  off,  across 
a  grassy  and  park-like  plain,  the  Coleman  and  McGregor  ranges 
rise,  clear  and  distinct,  amid  the  flood  of  light.  The  outline  is 
wonderfully  lovely.  In  th<»,  foreground  a  number  of  cone-like  and 
castellated  hills  of  all  colours  rise  from  the  plain,  the  more  con- 
nected ranges  of  the  background  appearing  as  if  capped  by  nume- 
rous and  enormous  fortifications.  Some  of  the  isolated  conical 
hills  terminate  in  sharp  apexes  or  spikes,  others  terminate  with 
flat  circular  crests  and  perpendicular  red  sides,  rising  out  of  slopes 
of  yellow  or  reddish  earth,  partially  covered  by  struggling  vegeta- 
tion. The  whole  of  these  hills  have  approximately  the  same  level 
or  elevation — their  contour  being  entirely  due  to  the  effects  of 
climate  operating  o^'er  incalculable  periods  of  time.  I  have  endea- 
voured to  represent  the  outline  of  these  hills  in  sketch  No.  1,  but 
I  regret  that  I  cannot  convey  to  you  any  idea  of  their  aspect  as  I 
saw  them  through  the  clear  ambient  air,  lising  out  of  a  carpet  of 
green,  with  the  sun  to  illuminate  them,  and  distance  to  soften  and 
to  heighten  the  efiect. 

Similar  countiy — geologically — extends  through  abont  three 
parallels  of  latitude  and  al>out  two  of  longitude,  and  within  this 
area  siliceous  minerals,  such  as  quartz  in  various  forms,  agates, 
chalcedony,  cornelian,  and  opals,  are  found.  With  the  latter  only 
I  propose  to  d(»al. 

These  rocks  are  evidently  of  tertiary  age,  but  they  possess  no 
very  distinct  or  typical  characters.  The  component  parts  are 
gritty  sand  or  earth,  the  bedding  is  obscure  or  false,  and  the  ooloor 
is  apparently  due  to  the  admixture  of  protoxide  of  iron  in  Taiying 
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quantities.  The  colour  is,  however,  striking — hlood-red,  grey, 
brick-red,  cream-colour,  olive,  yellow,  or  mottled.  These  colours 
may,  within  a  few  yards,  insensibly  blend  into  one  another,  or 
they  may  be  separated  by  a  distinct  and  sharp  line  of  demarcation, 
as  in  the  specimen  that  I  now  show  you. 

In  certain  parts  these  loosely  aggregated  sandstones  are  held 
together  (as  are  the  great  sandstones  that  overlie  the  coal  forma- 
tion of  N.S.W.)  by  irregular  mahogany-coloured  ferruginous 
bands.  These  segregations  of  iron  have,  in  some  parts  of  the 
district,  formed  fissures  within  themselves,  and  into  these  crevices 
a  fine  siliceous  fluid  has  been  introduced,  and  become  consolidated. 
In  other  localities  where  the  necessary  conditions  have  been 
present,  these  siliceous  threads  liave  become  opalised,  and  where 
these  have  absorbed  infinitely  minute  traces  of  nickel,  or 
manganese,  or  iron,  or  all  three,  they  exhibit  all  the  lovely  play 
of  colours  distinctive  of  the  precious  or  the  fire  opal.  The 
specimens  will  serve  to  illustrate  this  condition. 

Again,  while  some  of  the  more  aluminous  beds  have  been 
subjected  (we  shall  suppose)  to  the  influence  of  heat,  the  plastic 
matrix  has  been  rendered  vesicular,  and  a  number  of  the  cavities 
so  formed  have,  by  subsequent  infiltration,  been  filled  by  silica, 
which  has  become  opalised.  Specimens  labelled  No.  17  illustrate 
this  condition. 

Again,  as  we  approached  the  margins  of  this  district,  we  passed 
over  certain  beds  of  indurated  and  transmuted  schists,  and  in 
these  small  nodular  concretions  of  siliceous  ironstone  can  be 
picked  out.  These  little  flattened  spheres  are  about  1  inch  in 
diameter.  On  breaking  them  numerous  minute  crevices  are  seen 
to  radiate  from  a  centre,  and  these  hair-like  fissures  have  been 
filled  by  a  plastic  mass,  which  has  become  opalised,  but  of  no  value 
whatever.  In  the  reniform  nodules  of  C.B.  ironstone  that  are 
found  in  the  clays,  or  in  the  soft  shale  beds  of  our  coal  measure, 
identically  the  same  appearances  are  to  be  seen — only,  in  the  latter 
case  the  septaria  are  filled  with  ordinary  quartz. 

Approaching  the  main  ranges,  almost  every  other  ridge  is 
covered  with  splinters  of  a  milky  or  opaque  variety  of  opal. 
Sfiecimens  Nos.  1  and  5  illustrate  this  and  the  last-named  variety 
of  opaL 

Without  going  more  into  detail,  I  must  ask  you  to  believe 
that  it  is  only  within  a  certain  very  small  area  of  this  extensive 
opal-bearing  country  that  opals  of  any  commercial  value  have 
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been  found.  I  feel  that  I  need  scarcely  mention  that  opal  is  a 
siliceous  mineral — an  analysis  of  precious  opal  showing  90  "/^  of 
silica  and  10  */^  of  water;  that  it  is  considered  an  unlucky  stone 
by  ignorant  and  superstitious  people;  that  its  beautiful  combina- 
tion of  colours  probably  depends  upon  the  presence  of  exceedingly 
minute  proportions  of  some  colouring  matter,  such  as  those  pro- 
duced by  iron,  nickel,  or  cobalt — the  colour  being  intensified  by 
the  presence  of  numerous  invisible  fractures. 

I  may  inform  you  that  over  very  large  tracts  of  country  in 
the  lower  Bulloo  and  Barcoo  districts,  opal  is  found  filling  the 
narrow  and  irregular  fissures  of  a  ferruginous  matrix,  or  in  delicate 
scales,  so  thin  that  they  appear  as  if  painted  on  to  that  matrix. 
But  these,  however  beautiful,  cannot  be  utilised  by  the  lapidary. 
See  specimens  3  and  4. 

The  comparatively  small  area  within  which  opals  of  commercial 
value — that  is,  in  respect  to  quantity,  colour,  and  thickness — have 
been  found,  consists  of  castellated  sandstone  hills  of  curious  con- 
figuration. In  sketch  No.  2  I  have  attempted  to  delineate  the 
physical  features  of  the  two  hills  under  which  the  best  opals  have 
been  found.  These  hills,  with  their  mines  and  openings,  will 
hereafter  be  designated  Aladdin.  As  in  certain  localities  minerals 
occur  in  certain  distinctive  forms,  so  each  locality  that  I  have 
named  can  at  once  be  distinguished  by  the  characteristic  form  of 
its  opals. 

Instead  of  the  thin,  thread-like,  or  scaly  patches  that  are  found 
in  the  liver-coloured  matrix  of  the  Bulloo  or  the  Barcoo  country, 
it  is  found  in  the  Aladdin  hills,  in  all  its  most  valuable  and  lovely 
forms,  as  precious  opal,  as  fire  opal  or  girasol,  as  common  opal, 
as  wood  opal,  and  as  hyalite.  At  Aladdin  it  is  found  under  the 
following  conditions: — 

First.  Masses  of  laminated  ferruginous  silica  of  some  thicknees 
are  found  embedded  among  the  gritty  sandstone  beds,  and  these 
masses  are  occasionally  divided  into  squares  by  comparatively 
wide  fissures.  When  broken,  some  of  these  pieces  are  found 
coated  with  a  layer  of  opal  from  ^  to  almost  ^  of  an  inch  thick 
The  opal  is  arranged  in  bands  of  brilliant  emerald  green,  or  bluish- 
green,  yellow,  or  red.  I  show  you,  in  specimens  Na  7,  two  large 
pieces  coated  with  opal  on  three  sides,  which,  for  beauiy,  can 
scarcely  be  surpassed. 

Second.  In  the  country  immediately  adjoining  Al^^^^in  hillt 
large  quantities  of  opaque  opal  or  chalcedony  la  found.     Neaxer 
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Aladdin  this  variety  is  foand  in  a  more  refined  and  translucent 
form,  showing  a  little  colour,  as  in  specimen  Na  2. 

The  Aladdin  opal  is  found  on  the  slopes  of  the  two  hills  referred 
to.  These  hills  rise  out  of  a  level,  grassy,  or  scrubby  plain.  The 
slopes  are  composed  of  loose,  decaying  pieces  of  soft  sandstone. 
They  have  an  angle  of  45 '.  The  top  is  of  a  concretionary  mass 
of  gritty,  loosely-aggr^ated  sandstone,  full  of  adventitious  or  aoces- 
sory  pebble  and  minute  holes.  The  colour  is  reddish  or  mottled, 
and  is  due  to  the  permeation  of  ferruginous  waters.  The  crests  are 
redder  than  the  underlying  portions,  and  resemble  badly-burnt 
brick  in  appearance  and  consistency.  The  top  of  one  of  the  hills 
is  circular,  the  other  is  elliptical,  and  is  several  hundred  feet  in 
length.  The  crests  are  divided  by  vertical  joints  formed  during 
consolidation,  and  have  broken  off  by  these,  forming  the  perpen- 
dicular waUs,  and  producing  the  castellated  appearance  referred  to. 
The  strata  underlying  the  crests  is  composed  of  soft  grey  or 
yellow  earthy  layers,  closely  resembling  bath-bricks,  obscurely 
bedded,  difficult  to  correlate,  broken  up  by  vertical  joints,  and 
held  together  by  irr^ular  strings  of  ferruginous  sandstone. 

Third,  At  intervals,  soft  and  somewhat  irregular  or  strangulated 
beds  of  steel>grey  or  chalky  earth,  about  eight  inches  thick,  separate 
these  beds,  and  embedded  in  this  chalky  earth  flattened  nodules, 
or  lenticular  masses  of  what  I  supposed  at  first  sight  were  iron- 
stone, are  found.  These  nodules  are  of  very  uniform  size  and 
shape — about  10"  x  6"  x  5".  They  are  found  lying  on  their 
flat  sida  As  these  nodular  masses  are  the  principal  source  of 
opals,  I  would  desire  to  describe  them  somewhat  in  detail. 
Diagram  Na  1  is  a  front  view,  and  No.  2  represents  a  section 
of  one  hill,  and  No.  3  an  enlarged  view  of  a  bed,  illustrating 
the  occurrence  of  the  nodules.  These  nodules  consist  of  an 
external  crust  or  shell,  the  thickness  varying  from  V'  to  1".  This 
shell  is  built  up  of  a  number  of  thin  concentric  layers  of  ferruginous 
silica,  separated  by  finer  lines  of  a  light  yellow  colour.  On  being 
broken,  these  concentric  layers  are  seen  in  section  to  enclose  a 
siliceous,  somewhat  splintery,  cream-coloured  kernel,  that  com- 
pletely fills  the  shell.  These  kernels  are  the  real  matrix  of  the 
opal.  During  the  process  of  drying  and  consolidation,  cracks  and 
cavities  have  formed,  separating  parts  of  the  kernel  from  the  shell, 
but  invariably  reticulated  throughout  the  mass  of  the  kernel.  In 
tiie  same  manner  septaria  (fissures  and  spaces)  have  formed  in  the 
substance  of  the  hard  shell— H^eldom,  however,  penetrating  through 
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all  the  layers.  These  vermiform  crevices  or  septaria  have  subse- 
quently become  filled  with  a  plastic  or  gelatinous  solution  of  silica, 
which  has  become  opal,  the  quality  evidently  being  dependent  on 
the  degree  of  compression,  or  the  variety  and  amount  of  the 
colouring  matter  absorbed,  and  the  presence  of  other  conditions, 
to  which  I  will  afterwards  allude.  I  have  remarked  that  the 
nodules  are  found  lying  on  one  of  their  flattened  sides.  Now  the 
thickest  and  best  opal  occurs  as  a  rule,  but  not  invariably,  on  the 
lower  surfaces,  where,  from  gravity,  you  would  suppose  a  fluid 
would  accumulate.  The  crevices  or  septaria  occurring  in  the  shell 
frequently  exhibit  opal,  that  emits  rays  of  blood-red  or  emerald- 
green  colour.  Where  the  particles  composing  the  shell  have  been 
loosely  aggregated,  silica  has  been  absorbed,  and  the  substance  of 
the  shell  itself  has  become  opalised. 

The  question  naturally  arises.  From  whence  and  in  what  manner 
were  these  nodules  formed  ?  Arranged,  as  the  shell  is,  in  layers 
similar  to  an  agate,  one  is  inclined  to  think  that  their  origin  is 
due  to  the  infiltration  of  siliceous  waters  into  a  cavity,  but  the 
similarity  in  form  and  size,  and  arrangement  in  beds  of  these 
nodules,  opposes  certain  difficulties.  If  we  adopt  this  view,  we 
must  account  for  the  white  kernel  within  the  shells. 

If  the  shells  have  not  been  formed  within  a  cavity  (and  I  am 
inclined  to  think  they  have  not),  they  may  possibly  owe  their 
origin  to  segregation  alone.  The  kernel  is  composed  of  material 
more  compact  and  siliceous,  and  contains  less  iron  than  the 
superincumbent  strata.  If  one  could  imagine  the  iron  or  colour- 
ing matter  abstracted  from  that  strata,  while  the  mass  was  in 
solution,  the  resultant  would,  I  think,  present  an  appearance  very 
much  akin  to  these  kernels.  As  to  which  of  these  causes,  if  any, 
their  origin  might  be  due,  I  am  not  prepared  Ur  say,  but  I  have 
laid  out  several  forms  of  these  nodules  for  your  inspection,  along 
with  about  110  illustrative  specimens,  as  I  took  them  from  the 
mine,  that  you  may  be  enabled  to  form  some  independent  opinion 
on  the  subject. 

To  my  mind  the  origin  of  the  opal  itself  is  not  veiled  in  so 
much  obscurity.  On  minute  inspection  I  found  that  the  sof^ 
earthy  superincumbent  beds  contained  curious  vertical  rods  of 
ferruginous  silica,  similar  to  the  shells  of  the  nodules.  These  rods 
appear  to  lead  from  the  layers  of  nodules  up  through  the  saper- 
incumbent  rocks.  On  breaking  one  of  these  rods  out^  I  found 
that  in  reality  it  was  a  pipe,  containing,  within  sUioeooa  walb^  9^ 
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small  round  channel.  I  show  you  such  a  pipe,  No.  13.  The 
first  of  these  that  I  picked  out  were  either  empty,  or  contaiiic^l  u 
little  powdery  earth,  and  I  at  once  recognised  in  them  a  clue  to 
the  formation  of  the  opal,  if  not  the  nodules  themselves.  While 
prosecuting  my  iuTostigations  among  the  shattered  fragments  of  a 
recently  fallen  cliff,  I  came  upon  additional  bits  of  these  fractun^i 
pipes,  with  the  channels  filled  with  opal.  I  have  laid  out  several 
fragments  of  these  pipes,  with  the  channels  filled  with  opal  cores. 
No.  12.  One  or  two  of  these  cores,  in  specimens  No.  19,  display 
thi-oughout  their  whole  body  the  wonderful  and  delicate  play  of 
colours  characteiistic  of  the  Oriental  opaL  There  can,  I  think, 
be  little  room  to  doubt  that  the  matter  that  formed  the  opals,  in 
the  kernels  described,  was  conveyed  down  through  the  mass  of 
rock  by  means  of  these  pipes,  but  whether  these  fulfilled  the 
double  purpose  of  conveying  down  the  substance  of  the  nodules 
themselves,  as  well  as  the  opal,  and  whether  these  were  syn- 
chronous or  separated  by  a  period  of  time,  must  be  left  for  future 
investigation. 

So  far  as  I  could  discover,  there  are  several  layers  of  these 
nodules  underlying — interstratified,  if  you  will,  with  sandstone— 
the  Aladdin  hills.  These  beds  or  layers  are  separated  from  each 
other  by  several  vertical  feet  of  strata.  The  nodules  are  not  all 
uniformly  charged  with  opal ;  some  are  of  little  value,  others  con- 
tain opal  of  great  value.  The  most  valuable  stones  are  broken  b}- 
the  act  of  smashing  the  nodules.  As  there  are  no  outward  signs 
by  which  the  opal  value  of  the  nodules  can  be  determined,  each 
should  in  future  be  sawn  across,  in  order  to  discover  the  quantity 
and  quality  of  the  contained  gem. 

To  the  right  of  diagram  No.  3  is  an  enlarged  section  of  a  nodule 
showing  the  mode  in  which  opal  is  found  within  its  kernel.  The 
pipe  that  I  have  sketched  must  be  considered  imaginary,  as  I  have 
not  been  able  to  trace  such  a  clear  connection  as  is  here  shown. 
Those  of  you  who  know  the  sequence  of  the  chalk  formation  will 
recognise  in  the  occurrence  of  the  nodules  a  close  anidogy  with 
the  layers  of  flints  found  in  some  districts  where  chalk  is  found. 

Fourth,  I  have  on  more  than  one  occasion  i*emarked  tliat  the 
ereats  of  these  hills  assumed  a  castellated  or  turret  form,  and  were 
compoeed  of  gritty,  ferruginous  particles  of  brick-like  consistency 
and  colour,  and  that  it  was  somewhat  porous.  It  has  all  th(^ 
appearance  of  having  been  subjected  to  heat  and  given  passage  to 
heated  gases.     In  examining  this  sandstone  I  found  the  remains 
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of  pipes  or  vertical  channels,  with  obscurely-defined  walls,  filled 
with  common  and  precious  opal,  or  opal  having  a  burnt,  waxy, 
vitreous  appearance.  Ofxal  is  found  in  this  sandstone  oocapying 
holes  or  cavities,  or  filling  up  portions  of  the  mass  where  the  sand 
has  been  loosely  impacted.  Portions  of  the  substance  of  the  sand- 
stone have,  in  fact,  become  opalised.  You  will  find  specimens  on 
the  table  illustrating  this  condition. 

In  the  gritty,  brick-like  crest  opal  is  found  of  beautiful  colour, 
in  irregular  shoots,  among  the  matrix,  or  permeating  the  substance 
of  the  matrix.     (Specimens  No.  10.) 

So  far  the  i*esult  of  my  investigations  go  to  prove  that  the 
origin  of  opal  is  due  to  the  infiltration  of  opal-fonning  material 
(siliceous  waters)  from  above,  and  that  the  subsequent  elaboration, 
or  the  formative  process,  has  been  encouraged  under  conditions  of 
pressure  and  heat,  both  of  which  I  believe  to  be  favourable,  if  not 
necessary,  for  the  solution,  separation,  and  ultimate  crystallisatioD 
of  the  silica  that  in  so  large  a  measure  forms  the  opaL 

These  latter  conditions,  mark  you !  I  have  vwt  established  sa 
fully  as  I  could  desire,  but  this  I  can  say,  that  the  two  AJaddin 
hills  are  separated  from  each  other,  and  are  situated  between  three 
broad  intrusive  dykes  of  compact  grey  and  yitveoxi^ felsite;  further, 
that  the  indurated  clays  ai*e  burnt  in  places,  and  bear  evidence  of 
having  been  subjected  to  a  high  temperature;  that  portions  d 
the  sandstone  bear  similar  evidence ;  and  that  the  finest  quality  of 
opal  is,  as  a  rule,  fotind  within  a  reasonable  distance  of  these 
"dykes." 

Nor  have  I  been  able  to  determine  whether  or  not  the  gem 
exists  in  like  conditions  under  the  level  of  the  surface.  There  can, 
however,  be  no  doubt  that  from  all  these  sources  large  quantities 
of  opal  will  be  obtained. 

Whatever  be  the  extent  of  the  resources  in  depth,  or  the  exact 
conditions  favourable  or  necessary  for  the  development  or 
foimation  of  the  opal,  all  evidence  seems  to  point  to  the  locaUsa- 
tioii  of  these  conditions — in  other  words,  that  valuable  deposits 
of  opal  are  not  widely  distributed. 

I  have  stated  that  the  occurrence  of  these  nodular  masses 
inclined  me  to  the  belief  that  their  origin  was  due  to  s^regataon, 
and  that  it  was  probable  that  the  opal  found  in  the  septuia)  or 
filling  the  fissures  of  these  nodules,  was  due  to  infiltratioii.  I 
wish  you  to  clearly  understand  that  this  is  only  an  opinion.  I 
cannot  say  that  I  have  established  it  even  to  my  own  8atii£BctioD. 
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My  opinion  is  based  upon  iinding  opal  in  various  forms  within  the 
channels  of  the  vertical  pipes,  as  may  be  seen  in  the  several 
specimens  laid  out  for  your  inspection.  It  may  be  held  by  some 
of  your  number  that  opals,  as  well  as  the  "  casing''  or  shell  of  the 
kernel,  have  all  been  formed  by  eegregationy  and  that  the  pipes 
are  due  to  the  same  cause.  Dual  segregation  in  the  one  case, 
and  the  fact  that  the  channel  within  the  pipes  is  sometimes 
empty,  present  to  my  mind  certain  difficulties  to  the  acceptation 
of  such  a  cause.     Still  I  am  not  prepared  to  negative  it. 

It  may  be  permissible  to  say  a  few  words  upon  the  nature  and 
origin  of  the  material  that  has,  by  subsequent  agencies,  been 
converted  into  opal.  It  is  very  probable  that  the  material  was 
derived  from  above,  and  from  the  rocks  in  which  it  occurs.  Opal, 
as  you  are  no  doubt  aware,  is  an  amorphous,  and  one  of  the  many 
forms  of  quartz.  Roughly  speaking,  it  is  composed  of  92  of 
silica  and  8  of  water,  with  certain  colouring  agents.  You  may 
consider  opal  as  a  solidified  mass  of  gelatinous  silica,  in  which 
the  proportion  of  silica  and  water  varies.  You  may  recol- 
lect that,  when  describing  the  nature  and  colour  of  the  rocks 
composing  the  hill  ranges,  I  remarked  that  the  surfaces  of 
the  rocks  were  occasionally  coated  by  an  efflorescence  of  magnesia 
salts.  It  is  probable  that  the  constituents  necessary  for  the 
formation  of  opal  may  be  obtained  from  the  decomposition  of  the 
silicate  of  magnesia  by  carbonic  acid.  Caiises  that  would  at  first 
sight  appear  to  be  trivial  and  unimportant,  are  often  sufficient  to 
cause  silica  to  pass  from  one  condition  to  another — from  the 
amorphous  to  the  crystalline  state.  The  presence  of  carbonate  of 
ammonia  would  be  sufficient,  under  certain  conditions  of  silica,  to 
precipitate  silica  and  alumina;  and  ammonia  may  be  produced  by 
the  presence  of  some  nitrogenous  organic  substance  in  the  solution 
of  silica.  You  are  probably  all  aware  that  many  of  the  forms  of 
silica  do  contain  an  organic  substance,  and  this  is  proved  by  the 
change  of  colour  that  they  undergo  when  subjected  to  heat. 
Chalcedony,  rose  quartz,  cornelian,  smoky  topaz,  are  examples  of 
this  condition.  Probably  the  reason  why  opal  is  an  amorphous, 
and  not  in  a  crystalline  form  of  quartz,  is  because  of  the  presence 
in  it  of  iron  or  manganese. 

The  amount  of  water  contained  in  opal  varies  considerably,  from 
3  '/^  to  10  '/o»  Opal  differs  from  quartz  in  having  a  lower  specific 
gravity,  and  an  inferior  degree  of  hardness  in  refraction,  and,  of 
course,  in  chemical  properties.     The  beautiful  combinations  and 
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play  of  colours  exhibited  by  opals  are  probably  due  to  the  colour- 
ing ingredient  pi*esent,  and  these  may  be  influenced  by  the 
presence  of  some  invisible  flaws.  The  colours  are  intensified  by 
lieat  and  light. 

Some  observers  affirm  that  the  distinct  bands  of  some  vaiieties 
of  opals  are  caused  by  infusoria,  and  that  the  red  fire  of  the  noble 
opal  is  caused  by  the  presence  of  minute  particles  of  quartz. 

In  Hungary  and  elsewhere  where  opal  is  found,  the  gem  is 
found  in  trachyte,  and  is  considered  as  the  result  of  the  decom- 
l)osition  of  that  rock.  The  presence  of  siliceous  rocks  may  be 
considered  as  essential  to  the  formation  of  opal,  and  like  all 
mineral  substances  deiived  from  adjoining  rocks,  it  bears  a 
definite  relation  to  the  constituents  of  the  rocks  from  whence,  by 
decomposition,  it  was  derived. 

Dr.  Dobbie  of  this  Society  has  very  kindly  furnished  me  with  au 
analysis  of  the  opal  of  Aladdin;  of  the  ferruginous  crust  of  the 
nodules;  of  the  white  matrix  or  kernel  within  this  crust;  of  the 
rock  in  which  these  are  found.     And  these  are  as  follows: — 


Water, 
Silica, 

I. 

• 

Opal. 

• 

6 '43  per  cent. 
93-57 

100*00 

11.— White  Keknbl. 

Sesquioxide  of  Iron,  2'15  per  cent. 

Sesqnioxide  of  Alnmina,       .  30*94       ,, 

Silica,  67-31        „ 


100-40 


III.     Fkkkuginous  Crust  of  Noddle. 


Silica, 

35 '89  per  cent. 

Sesquioxide  of  Alumina, 

2-99       „ 

Do.          of  Iron,  . 

47-72 

Protoxide  c»f  Iron,     . 

3-55       „ 

Lime, 

46       „ 

Magnesia, 

•55 

Water, 

•  f 
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IV. — Sandstone  of  Hill. 


Silica, 

65'94  per  cent 

Sesquioxide  of  Alumina, 

13-54 

»» 

Do           of  Iron, 

14-04 

•» 

Lime, 

103 

■  ■ 

Carbonic  Acid, 

•37 

•  t 

Water, 

1-03 

•  » 

Alkalies  by  difference, 

3*88 

»» 

100*00 

»> 

\i\  the  flats  immediately  surrounding  these  remarkable  hills  are 
several  circular  mounds,  evidently  marking  the  site  of  other 
conical  hills  slowly  settling  down  under  the  influence  of  the 
climate.  The  earthy  portion  has  all  been  washed  away  into  the 
plains;  the  ferruginous  nodules  have  been  broken  up  by  the 
powerful  rays  of  the  sun,  the  rains,  and  the  winter  frosts.  Amid 
the  wreck  of  materials  one  has  no  difficulty  in  picking  up  pieces  of 
opal,  weathered  by  the  sun  rays  of  a  thousand  summers,  and 
bushels  of  matrix  or  shells  may  be  gathered  with  the  substance,  a 
net-work  of  brilliant  green  threads  of  opal,  which,  when  cut  and 
polished,  might  be  utilised  as  buttons  or  breast-pins,  or  for  inlaying, 
or  other  useful  way&     (Specimens  No.  19.) 

I  have  taken  up  much  of  your  time,  and  probably  have  succeeded 
in  exhausting  as  much  of  your  patience,  in  describing  the  details 
of  the  occurrence  of  opal  in  Central  Australia.  My  apology  for 
so  doing  rests  in  the  circumstance  that  I  have  not  been  able  to 
discover  any  work  in  which  the  occurrence  of  these  gems  are 
minutely  described.  Dana  states  that  in  Hungary,  Bohemia, 
Saxony,  Mexico,  Iceland,  opals  are  found,  and  that  in  these  countries 
they  are  "  found  filling  the  cavities  or  the  seams  of  igneous  rocks, 
or,  like  other  quartz  concretions,  embedded  in  flint  and  lime- 
stone.'' The  description  is  certainly  vague,  and  he  might  have 
added  Brazil,  where  it  occurs  in  connection  with  transmuted  lime- 
stone, or  in  crevices  of  altered  chalk.  So  far  as  I  can  discover, 
Australian  opals  will  in  the  future  be  more  heard  ol  They  occur 
under  totaUy  different  conditions  to  those  he  alludes  to,  and  to  all 
appearance  in  quantities  that^  should  the  gem  become  as  popular 
as  from  the  beauty  of  its  hues  it  deserves,  these  lonely  wilds  of 
Central  Australia  will  be  the  scene  of  an  industry  as  lucrative  as 
it  is  novel 
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The  recollection  of  the  magnificent  view  from  the  top  of  the 
Aladdin  hills  comes  back  as  a  green  and  pleasant  reminiscence  of 
a  long  and  wearisome  journey.     Though  there  is  no  soil  on  the 
top,  a  few  stunted  honeysuckles  and  hardy  flowering  plants  have 
struggled  into  existence  to  "  waste  their  fragrance  on  the  desert 
air."     Among  these  we  sit  to  scan  the  illimitable  landscape,  and 
to  watch  the  sun  set  m  an  atmosphere  of  roseate  glory.     We  see 
the  light  stealing  over  the  plain,  colouring  the  scrub  and  illumi- 
nating the  curiously-shaj^ed  hills  with  golden  hues.     It  vanishes 
from  the  plains  to  play  among  the  lesser  hills — wonderful  effects 
of  light  and  shade  are  visible.       Mounting   upwards   bands   of 
coloured  rays  are  projected  against  the  crests  of  the  higher  peaks, 
that  shine  for  a  moment  like  burnished  gold.     While  yet  the  soft 
and  short  twilight  of  these  regions  lingers  on  the  mountain  slopes, 
and  the  valleys  are  in  partial  darkness,  we  seek  the  genial  warmth 
of  the  camp  fires,  and  the  comfort  of  the  '^  cup  that  cheers  but  not 
inebriates,"  and  rolled  up  in  our  blankets  we  fall  asleep  under, 
may  I  say,  the  shadow  of  the  Southern  Cross.     At  an  early  hour 
we  had  turned  our  back  on  these  quiet  and  sunny  scenes,  and, 
with  our  saddle  bags  heavily  laden  with  the  spoils  of  the  Aladdin 
hills,  we  jog  steadily  back  on  our  long  journey  of  well-nigh  a 
thousand  miles  towards  Brisbane  and  the  rising  sun,  meditating 
all  the  while  on  a  further  journey  of  13,000  miles,  through  the 
land  of  the  ''  Spread  Eagle,"  towards  home  and  Menda     I  did 
not  at  that  time  anticipate  that  I  should  so  soon  after  my  arrival 
have  the  felicity  of  appearing  before  the  members  of  this  Society 
to  dilate,  as  I  have  done,  at  no  inconsiderable  length  on  the 
physical  geography  of  part  of  "  Greater  Britain,"  the  land  of  the 
wallaby  and  the  kangaroo,  and  the  geological  aspects  of  the  opal 
country  of  Central  Australia. 
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XI. — Opening  Address  to  the  Architectural  Section.      By  James 
Sellars,  Jim.,  LA.,  President  of  the  Section. 


[Read  before  the  Architectural  Section,  28th  January,  1882.] 


Ik  occupying  for  the  first  time  the  President's  Chair  of  this  Section, 
I  desire  to  express  my  sense  of  the  honour  which  you  have  been 
pleased  to  confer  upon  me. 

Remembering  the  long  list  of  honoured  names  which  have  been 
associated  with  this  Chair, .  I  accept  the  position  with  dif&dence 
and  a  deep  sense  of  responsibility,  and  bespeak  your  kindly  for- 
bearance and  support  while  I  endeavour  to  fulfil  the  duties  I  have 
undertaken.  Our  Society  has  a  history.  More  than  twenty-five 
years  ago  it  was  in  active  operation  as  the  Glasgow  Architectural 
Society.  Under  this  name  it  did  good,  useful  work  for  many  years, 
but,  on  the  formation  of  the  Glasgow  Institute  of  Architects,  it 
was  thought  desirable  for  many  reasons — among  others,  economy 
in  management — to  cany  out  the  arrangement  whereby  we  became 
a  section  of  the  Philosophical  Society.  We  are,  however,  although 
difierent  in  name,  the  same  Society,  having  the  same  objects,  and 
carrying  on  the  same  work,  so  well  b^un  a  quarter  of  a  century 
ago  by  men  whose  example  we  desire  to  follow  and  whose  memory 
will  ever  be  respected  in  our  profession. 

Since  we  entered  on  this  new  form  of  life  the  work  has  been 
carried  on  more  or  less  vigorously,  and  on  the  whole  I  think  we  may 
fairly  congratulate  ourselves  on  the  work  which  has  been  done,  and 
the  prospects  for  the  future.  But,  while  I  think  we  have  done  much 
in  the  past,  I  am  far  from  believing  that  we  are  as  a  Society  as  healthy 
and  vigorous  as  we  ought  to  be.  As  we  draw  our  members  from  the 
ranks  of  all  the  professions  and  trades  interested  in  building,  our 
membership,  instead  of  being  limited  to  about  60,  ought  to  be  four 
or  five  times  that  number.  I  find  from  the  Annual  Heport  of  the 
Glasgow  Architectural  Society  for  1861 — of  which,  as  I  have 
already  said,  we  are  the  direct  descendants — ^that  at  that  time  they 
Vol.  Xni.— No.  2.  2  h 
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had  144  membei*s  on  the  roll,  showing  a  much  healthier  condition 
of  things  than  we  can  boast  of  now. 

This  is  rather  a  disagreeable  fact,  but  I  cannot  refrain  from 
bringing  it  before  you,  and  I  appeal  to  the  hundreds  who  ought  to 
be  amongst  us  to  lend  their  aid,  by  becoming  members  and  reading 
communications,  to  increase  and  extend  the  usefulness  of  the  section; 
and  I  appeal  specially  to  the  members  of  my  own  profession  to  join 
us  in  larger  numbers.      It  is  true  that  we  have  our  own  Institute, 
but  that  body  deals  with  i)urely  professional  matters.     The  Insti- 
tute is  admirable  for  its  purpose,  but  it  gives  no  opportunity  such 
as  this  Society  does  for  the  discussion  of  popular  subjects,  interest- 
ing alike  to  the  architect,  measurer,  builder,  and  the  public.     At 
our  meetings  here  every  question  connected  in  any  way  with  the 
science  and  art  of  housebuilding  may  be  dealt  with,  and  there  can 
be  no  better  arena  in  which  to  discuss  architecture  in  its  artistic, 
scientific,  practical,  or  sanitary  aspect     For,  besides  the  fact  that 
our  section  includes  members  of  all  the  branches  of  the  building 
trade,  our  connection  with  the  Philosophical  Society  is  a  great  aid 
in  giving  publicity  to  our  views. 

As  regards  the  impoi*tance  of  having  such  matters  discussed,  I  do 
not  think  there  can  be  any  question.  There  is  hardly  any  subject 
in  which  the  public  take  such  a  warm  interest  as  the  arrangement 
of  the  houses  in  which  they  live,  of  the  office  or  the  warehouse  in 
which  they  perform  their  daily  work,  or  of  the  places  where  they 
resort  for  amusement  or  instruction.  Their  comfort  and  their 
health  are  affected  for  good  or  evil  by  the  kind  of  building  in 
which  they  sleep,  work,  or  play,  quite  as  much  as  it  is  by  the  kind 
of  food  they  eat,  and  nothing  can  be  more  important  than  that  all 
these  places  should  be  artistically  and  practically  fitted  for  their 
purpose.  The  designing  and  construction  of  these  buildings  is,  or 
should  l>e,  our  joint  work,  and,  as  labourers  in  the  same  field,  it 
cannot  be  otherwise  than  beneficial  that  we  should  meet  together 
for  the  interchange  of  ideas  and  the  discussion  of  points  of  difference, 
and  thus,  as  I  believe,  raise  the  general  standard  of  excellence. 

In  every  condition  of  life  people  are  more  or  less  dependent  on 
each  .other,  and  I  think  we,  the  architects  and  builders,  are  speci- 
ally so.  It  is  not  with  the  architect  as  with  most  other  profesaonal 
men,  or  skilled  workman,  who  begins  and  ends  his  work  with  his 
own  hands  and  brains.  With  him  the  realisation  of  his  thoughts 
has  to  be  done  by  other  hands.  He  may  prepare  his  plan  carefully 
in  all  its  details,  and  delineate  it  fully  on  paper;  it  may  give  promiBe 
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of  a  perfect  structure,  but  before  it  can  be  realised  in  the  enduring 
stone  he  is  dependent,  to  some  extent  at  least,  on  the  skill  and 
intelligence  of  his  fellow-workers. 

I  think  I  have  said  enough  to  show  that,  in  my  view  at  letist, 
the  usefulness  of  this  Society  might  be  greatly  extended,  and  much 
mutual  benefit  obtained,  by  a  largely  increased  membership,  drawn 
from  all  the  classes  interested  in  the  building  trade. 

I  do  not  propose  to  occupy  your  whole  time  with  the  considera- 
tion of  any  one  subject,  but  rather  that  my  remarks  should  be 
suggestive  of  subjects  for  future  discussion. 

If  I  were  the  president  of  a  purely  scientific  body,  like  some 
of  the  other  sections  of  the  parent  Society,  I  would  probably  be 
in  a  position  to  direct  your  attention  to  some  new  discovery  during 
the  past  year  connected  with  the  branch  of  work  in  which  we 
were  more  particularly  interested ;  but,  while  I  am  not  able  to  do 
so,  because  the  science  and  art  of  building  ai*e  about  as  old  as 
history  itself,  there  are  several  subjects  of  more  than  passing 
importance  which  may  very  well  engage  your  attention,  and 
r^arding  which  the  members  of  this  section  are  well  qualifi(*d 
to  express  an  opinion.  Among  others,  there  is  the  question  of 
building  regulations  for  house  property,  and  the  antingement  of 
dwellings  of  the  industrial  classes.  This  subject  has,  it  appears, 
engaged  the  anxious  attention  of  the  public  authorities  for  a  long 
series  of  years;  and  that  it  is  a  question  urgently  requiring 
attention  cannot  be  disputed.  Hear  what  Dr.  Russell,  the  able 
Medical  Officer  of  Health  for  Glasgow,  says  as  to  the  position  and 
kind  of  houses  occupied  by  the  working  classes : — 

"  What  does  it  (that  is,  density  of  population)  mean  in  Glasgow  I 
It  means,  to  begin  with,  an  area  of  6,033  acres,  surrounded,  not  by 
open  and  thinly-populated  country,  but  by  a  dense  population,  on 
some  4,700  acres  of  which  are  congregated  about  566,000  human 
beings,  with  thousands  of  the  lower  animals.  It  means  that  three- 
fourths  of  these  human  beings  live  in  a  house  of  one  or  two  apart- 
ments ;  that  their  houses  are  built  in  tall  tenements,  so  arranged 
on  the  earth's  surface  as  to  exclude  the  sunlight  and  to  impede  the 
circulation  of  the  air ;  more  especially  that  a  large  proportion  of 
these  tenements  are  arranged  in  hollow  squares,  which  are  boxes 
of  stagnant  air.  It  means  that  inside  these  boxes  there  are  ashpits 
and  privies,  the  superficial  area  of  which,  at  a  moderate  computa- 
tion, is  4^  acres;  that,  planted  among  these  ashpits,  we  have 
hundreds  of  back  lands,  along  with  stables,  byres,  bake-houses, 
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workshops,  washing-houses,  and  other  smoke  and  effluvia-produc- 
ing erections ;  that  the  stairs  are  often  close  and  badly  ventilated ; 
that  they  are  at  best  vertical  streets,  with  lanes  and  alleys  branch- 
ing off  at  the  several  landings ;  that  houses  in  flats,  planned  for 
occupation  by  one  family,  are  occupied  by  several  feimilies,  each 
renting  one  or  two  rooms ;  and  the  lobbies  dark  and  tortuous  by 
which  they  reach  the  stair.  It  means  that  a  large  proportion 
of  the  inhabitants  are  dirty  in  their  persons,  dirty  in  their 
clothes,  bedding,  and  houses ;  that  the  atmosphere  is  vile, 
and  the  air  in  the  lobbies  is  common  to  everybody  living 
in  the  houses  and  using  the  stair;  that  the  courts  and  back 
areas  are  full  of  impurities,  animal  and  vegetable,  and  are 
only  kept  tolerably  decent  by  the  daily  service  of  the  public 
scavengers.  It  means  that  the  mass  of  our  excretions  is  so  enor- 
mous, in  relation  to  the  earth  and  air  space,  that  to  get  them 
removed  from  our  houses  and  precincts  water  carriage  must  be 
employed,  and  therefore  our  rivers  and  streams  are  loaded  with 
the  foulest  refuse ;  that  the  subsoil  is  traversed  with  a  network  of 
sewers,  drains,  and  gas-pii)es,  and  is  therefore  so  impure  that  the 
ground  air  is  loaded  with  noxious  effluvia,  and  the  ground  water 
is  so  foul  that  to  drink  it  would  be  poisonous.  Finally,  we  are  as 
fai*  shut  out  from  the  ministry  of  nature  as  the  necessities  of  the 
case,  combined  with  the  aggravations  of  human  ignorance,  perver- 
sity, and  wilful  self -aggrandisement  can  place  us." 

I  have  been  tempted  to  make  this  somewhat  lengthy  quotation, 
believing  that  no  one  is  in  a  better  position  than  Dr.  Russell  to 
describe  the  condition  of  things  as  they  are — no  one  better  able  to 
paint  the  picture  of  the  discomfort  and  dirt  which  are  in  our  midst 
It  may  be  that  the  drawing  of  the  picture  is  too  forcible,  that  Uie 
colouring  is  too  strong  in  parts ;  but,  on  the  whole,  it  must  be 
pronounced  a  true  representation  of  the  casa  It  is  little  wonder, 
then,  that  the  mind  of  our  authorities  is  exercised  on  the  subject, 
that  we  hear  of  great  sewage  schemes  in  the  near  future,  and 
"  Provisional  Orders"  "to  control  in  an  adequate  and  satis&ctory 
manner  the  erection  and  alteration  of  buildings  within  the  city 
and  burgh  of  Glasgow,  so  as  to  secure  sufficient  &ee  space  exter- 
nally and  internally,  and  sufficient  light,  ventilation,  and  drainage 
connected  therewith." 

A  provisional  order,  containing  amendments  on  some  of  the 
clauses,  relating  to  building  regulations,  of  the  Police  Act  of  1866, 
was  applied  for  in  1879,  and  although  Sheriff  Clark,  while  ftj^irov 
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ing  generally  of  the  scope  of  the  proposed  order,  and  believing  that 
the  principles  embodied  were  sound,  was  unable  to  recommend  its 
ado])tion — chiefly  owing  to  certain  regulations  which  were  held  to 
amount  to  confiscation  of  property — ^there  is  not  the  least  doubt 
that  some  steps  must  be  taken,  and  that  before  long,  to  amend  the 
law  which  permits  such  a  state  of  things  to  exist  as  to  justify  the 
appalling  picture  delineated  by  Dr.  Russell.  The  learned  SherifE, 
afber  conducting  a  most  exhaustive  inquiry  into  the  proposal  con- 
tained in  the  provisional  order,  said,  in  his  report  to  the  Home 
Office : — '^  The  sanitary  condition  of  the  city  of  Glasgow  is  at  pre- 
sent such  as  plainly  to  call  for  and  warrant  regulations  of  a  much 
more  stringent  kind  than  those  now  in  operation.  Provisions  are 
required  to  secure  better  ventilation,  greater  access  of  sunlight, 
and  more  free  space  both  in  and  about  the  blocks  of  buildings. 
More  effectual  means  are  also  necessary  to  enforce  proper  drainage." 
The  details  of  this  order  are  well  known  to  most  of  you.  A  record 
of  the  whole  proceedings  before  Sheriff  Clark  is  in  print,  and  it 
forms  a  most  interesting  volume  indeed,  containing  the  opinions, 
as  given  in  evidence,  of  many  of  those  best  able  to  speak  on  the 
subject. 

Whatever  difference  of  opinion  may  exist  as  to  the  way  in  which 
the  authorities  proposed  to  effect  their  purpose,  there  can  be  but 
one  opinion  as  to  the  practical  good  which  would  have  resulted 
from  the  adoption  of  the  provisional  order.  This  is,  of  course, 
apart  from  any  question  of  compensation  for  interference  with 
vested  interesta  Now,  as  regards  this  question  of  compensation, 
while  I  think  private  interests  in  some  circumstances  ought  and 
must  give  way  to  the  public  good,  the  authorities — ^if  they  believe 
that  certain  alterations  on  the  existing  regulations  are  necessary 
in  the  interests  of  the  public,  but,  at  the  same  time,  will  interfere 
with  the  private  rights  of  property — ought  certainly  to  have  the 
power  to  acquire  those  rights,  or  to  compensate,  at  the  public  cost, 
for  the  damage  sustained.  Railway  companies  acquire  by  Act  of 
Parliament  the  power  to  compel  proprietors  to  sell  their  property, 
and  the  most  that  can  be  said  of  their  operations  is  that  they  are  in 
the  interests  of  public  prosperity;  and  surely  in  the  interests  of 
public  health — ^moral  and  physical — similar  powers  should  be  ob- 
tained by  the  civic  authorities.  But  where  is  the  money  to  pay  the 
compensation  to  come  from?  you  will  probably  inquire,  the  com- 
parison will  hardly  hold  good ;  the  railway  companies,  while  they 
expend  the  money,  expect  to  realise  dividends  from  their  outlay. 
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but  there  is  no  i*eturu  here.  That  is  so  £ar  true,  as  there  is  no 
return,  at  least  in  "  hard  cash  ;"  but  there  would  certainly  be  a 
large  return  in  the  improved  condition  of  the  people.  The  great 
sewage  scheme  in  contemplation  will  not,  so  far  as  I  understand 
it,  give  any  return  for  the  millions  to  be  expended,  other  than  the 
improvement  of  public  health,  and  indeed  there  are  sanitanans  who 
hold  that  that  scheme  will  simply  be  expenditure  of  an  enormous 
sum  to  carry  away  and  throw  into  the  sea,  material  which,  if  dealt 
with  in  a  different  manner,  might  be  made  to  repay  the  outlay  in 
some  measure. 

I  will  not  say  another  woixl  on  this  subject,  as  it  is  hardly  witliiu 
our  province.  Tons  of  paper  have  already  been  used  in  discussing 
it,  and  it  is  not  unlikely  that  tons  more  will  be  used  in  the  same 
way  before  it  is  an  accomplished  fact.  I  merely  refer  to  it  as  an 
illustration  of  money  to  be  expended  for  the  public  good  without 
interest  expected,  and  that  I  might  have  the  opportunity  of  saying 
that  a  mere  tithe  of  the  proposed  cost  would  go  a  long  way  in 
compensating  proprietors  for  placing  restrictions  on  the  number 
and  kind  of  buildings  to  be  erected  on  their  ground.  I  do  not 
propose  to  describe  in  detail  the  proposals  of  this  provisional  order; 
but  perhaps  I  may  be  allowed,  for  the  benefit  of  those,  if  there  be 
any,  who  are  not  acquainted  with  them,  to  refer  to  them  briefly 
and  very  generally.  One  of  the  main  objects  of  the  proposed 
order  was  to  reduce  the  density  of  the  population  and  to  lessen 
the  number  of  inhabitants  per  acre,  and  this  desirable  end  was* 
sought  to  be  obtained  by  greater  width  between  buildings,  and  by 
increasing  the  cubical  space  internally  in  small  houses.  As  regards 
the  space  between  buildings,  the  Act  of  1866  provided  that  "it 
shall  not  be  lawful  for  any  person  to  let  or  use  any  apartment  as 
a  bedroom  unless  at  least  one-third  of  its  height  is  above  the  level 
of  the  street  or  court,  and  unless  there  be  in  front  of  at  least  one- 
third  of  every  window  in  such  apartment  a  free  space  equal  to  at 
least  three-fourths  of  the  height  of  the  wall  in  which  it  is  placed, 
the  height  to  be  measured  from  the  floor  of  the  apartment  to  the 
wall  head."  Under  this  clause  it  was  possible  to  have  buildings 
four  stories  high — equal  to,  say  40  feet — placed  within  30  feet  of 
each  other.  Now,  it  appears  that  this  was  not  the  intention  of 
the  clause.  The  framers  intended  that  the  free  space  ahould  be 
exclusively  belonging  to  and  connected  with  the  building  in  whioh 
the  apartment  was  placed.  The  new  clause  makes  this  dear; 
and,  under  it,  buildings  40  feet  high  could  not  be  doaer  than  60 
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feet  from  wall  to  wall.  In  I'egard  to  the  internal  space,  tbe  new 
clauses  stipulated  for  houses  of  one  apartment  containing  1,200 
cubic  feet  of  s{)ace,  instead  of  900,  as  formerly  provided  for. 
Houses  of  two  apartments  were  to  have  2,000  cubic  feet  of  space, 
instead  of  1,500  ;  and  for  three  apartments  not  less  than  2,800 
feet,  instead  of  2,000.  Then,  as  to  the  amount  of  air-space  for 
each  person  occupying  any  apartment,  it  was  proposed  to  increase 
it  from  150  to  200  feet  in  the  case  of  children  under  eight  years 
of  age,  and  from  300  to  400  feet  in  the  case  of  persons  over  that 
age.  An  entirely  new  stipulation  was  introduced,  fixing  that  the 
height  of  ceiling  of  any  apartment  used  as  a  dwelling-house  should 
not  be  less  than  10  feet.  There  were  many  minor  clauses,  all,  as 
I  think,  like  those  already  named,  changes  in  the  right  direction. 
Those  provided  for  increased  width  of  closes  or  entries  to  staircases. 
Another  new  and  most  important  stipulation  provided  that  all 
drains,  soil-pipes,  and  cesspools  should  be  constructed  and  ventilated 
to  the  satisfaction  of  the  Master  of  Works,  and  that  such  drains 
should  consist  of  glazed  stoneware  pipes,  properly  joined,  kc,,  and 
connected  with  the  sewer  in  a  proper  manner ;  and  that  such  drains 
as  pass  under  a  building  must  be  laid  on  concrete  or  other  firm 
basis.  All  these  drains  were  to  be  of  sufficient  size,  and  ventilated. 
Further,  it  was  provided  that,  *'  in  excavating  for  all  buildings  to 
contain  dwelling-houses,  the  surface  soil  shall  be  removed  to  the 
depth  of  the  foundations ;  where  the  surface  soil  is  artificial,  from 
the  filling  up  of  old  quarries  or  otherwise,  then  the  whole  surface 
underneath  and  within  the  area  of  the  walls  shall  be  covered  with 
a  layer  of  concrete  or  other  approved  composition  not  less  than 
6  inches  thick/'  As  regards  the  regulations  which  struck  at  the 
continuance  of  building  blocks  of  properties  in  the  form  known  as 
''  hollow  squares,"  and  which,  as  I  have  mentioned,  may  be  said  to 
be  the  rock  on  which  the  order  was  wrecked,  I  am  of  opinion  that, 
apart  from  the  question  of  "confiscation,"  they  were,  like  the 
others,  in  the  right  and  proper  direction ;  while  I  do  not  agree 
with  Dr.  Bussell  that  hollow  squares  are  necessarily  "boxes  of 
stagnant  air  " — as  they  are  at  least  boxes  without  lids,  and  there 
are  openings  in  the  sides  in  the  form  of  closes  or  entries,  through 
which  currents  of  air  must  pass  and  cause  a  circulation  in  the  box 
— ^yet  I  hold  very  strongly  that  they  are  most  objectionable  features 
in  the  laying  out  dwelling-house  property. 

I  do  not  intend  to  discuss  all  the  arguments  for  and  against  the 
provisions  of  the  proposed  order.     It  would  be  difficult  to  prove  that 
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60  feet  between  houses  foiu*  storeys  high  would  ensure  ventilation 
and  sunlight,  and  that  58  feet  would  not  do  so ;  or  that  a  ceiling 
10  feet  high  would  make  a  perfectly  healthy  room  to  live  in,  and 
that  a  9-feet  6-inch  ceiling  would  have  a  contrary  effect.  But  in 
a  large  town  regulations  of  some  kind  are  essential,  and  a 
mtnifTmm  must  be  fixed.  Such  things  cannot  or  should  not  be 
left  to  the  caprice  of  individuala  Regulations  as  to  the  laying 
of  drains  and  their  ventilation,  and  as  to  the  public  inspection  of 
these  aiTangements  are,  without  doubt,  urgently  required.  It  is 
true  that,  with  the  improved  forms  of  cesspools  and  traps  which 
the  advance  of  sanitary  science  has  placed  at  our  disposal,  every 
responsible  architect  and  skilled  builder  will,  as  a  matter  of  course, 
see  that  such  things  are  properly  attended  to  ;  but,  unfortunately, 
there  are  buildings  erected — and  most  of  them  of  the  kind  we  are 
dealing  with — with  which  architects  have  nothing  to  do.  They 
are  erected  by  ignorant  or  unscrupulous  building  speculators, 
who  are  their  own  architects.  Acres  have  been  covered  during 
the  last  few  years  with  buildings  of  this  class,  and  it  is  to  be 
regretted  that  no  law  existed  to  allow  a  pi*oper  control  being 
exercised  over  them,  especially  in  regard  to  drainage.  I  could 
easily,  if  it  were  necessary,  multiply  instances  within  my  own 
knowledge  of  buildings  which  could  hardly  be  said  to  be  drained 
at  all.  Some  kind  of  drain  pipes  were  perhaps  there ;  but,  so  far 
from  being  laid  and  jointed  in  a  proper  manner,  they  might  be  said 
to  have  been  merely  thrown  into  their  place,  at  all  sorts  of  levels, 
without,  in  many  cases,  any  attempt  whatever  having  been  made 
at  jointing.  Conscientious  skilled  men  do  not  require  regulationB 
to  enforce  duty ;  but  the  authorities,  nevertheless,  must  be  in  a 
position  to  counteract  the  culpable  ignorance  or  cupidity  displayed 
in  the  erection  of  the  class  of  houses  referred  to.  A  considerable 
portion  of  the  west  end  of  Glasgow  has  been  built  on  '*  made-up^ 
or  forced  ground — old  quarries,  filled  with  dSbris  of  all  kinds. 
The  character  of  this  debris  may  not  be  so  black  as  it  was  painted 
by  an  eminent  sanitarian  in  his  evidence  before  Sheriff  Clark,  but 
it  is  certainly  not  selected  very  carefully,  and  in  many  instances 
cannot  possibly  form  a  suitable  foimdation — even  after  it  is 
consolidated — on  which  to  erect  dwelling-houses.  I  therefore 
sympathise  very  strongly  with  the  regulation  which  stipulated  for 
such  sites  being  covered  with  a  layer  of  concrete.  In  the  coarse 
of  the  investigation,  evidence  was  given  against  the  Dean  of  €kiild 
Court  being  the  proper  tribunal  for  carrying  out  building  regokr 
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tions ;  and  again,  it  was  pointed  out  that,  even  if  such  regulations 
were  good,  they  could  only  be  enforced  inside  the  municipal  boun- 
daries, and  that  immediately  outside  this  imaginary  line — which  I 
believe  in  some  cases  cuts  right  through  the  centre  of  a  tenement 
— these  r^ulations  could  and  would  be  set  at  defiance.  The 
position  of  the  Dean  of  Guild  Courts  and  its  fitness  for  the  work 
it  has  to  do,  was  most  ably  discussed  in  a  paper  read  here  last  year 
by  one  of  our  members,  and  I  shall  not  venture  to  touch  that 
subject  As  to  the  other  question,  the  remedy  would  be  a  general 
Building  Act,  or  that  the  smaller  burghs  should — for  the  purpose 
in  view  at  least — join  themselves  to  the  city. 

I  have,  at  much  greater  length  than  I  had  intended,  alluded  to 
this  provisional  order.  My  object  was  merely  to  call  your  atten- 
tion to  the  direction  in  which  the  authorities  think  the  existing 
building  r^ulations  require  to  be  improved,  believing  that, 
although  they  failed  to  obtain  the  powers  asked  for  in  1879,  they 
cannot  allow  things  to  remain  as  they  are  at  present,  and  that  very 
soon  some  new  order — or,  perhaps,  an  entirely  new  Police  Act — 
will  be  promoted  ;  and  as  the  portions  relating  to  buildings  interest 
us  probably  more  than  any  other  Society,  the  various  questions 
involved  might  very  well  be  discussed  here. 

There  is  another  aspect  of  this  great  question — the  improvement 
of  dwellings  for  the  working  classes — which  is  not  directly  touched 
by  the  building  r^ulations,  as  indeed  it  can  hardly  be.  I  allude 
to  the  crowding  into  houses  of  one  or  two  apartments  of  persons 
of  opposite  sexes.  The  new  regulations  provide  for  sufficient,  but 
certainly  not  more  than  enough,  of  air-space  for  each  individual, 
but  behind  that  there  \&  the  at  least  equally-important  question 
referred  to.  I  recently  read  an  admirable  paper  by  our  respected 
fellow-townsman,  Mr.  James  Salmon,  on  the  dwellings  of  the 
industrial  classes.  Mr.  Salmon  states,  I  have  no  doubt  on  good 
authority,  that  out  of  seven  million  dwellings  in  the  kingdom  nearly 
six  millions  are  occupied  by  the  industrial  classes.  I  find  a  similar 
proportion  of  working-class  houses  in  Glasgow — the  number  of 
houses  consisting  of  not  more  than  three  apartments  being  89  per 
cent.  Thirty  per  cent,  of  the  whole  of  the  houses  are  of  one  apartment 
only,  and  of  these  there  must  be  a  large  number  which  are  utterly 
unfit  for  human  habitation — hovels,  in  which  human  beings  herd 
rather  than  live,  hotbeds  of  disease,  the  birth-places  of  all  kinds  of 
moral  and  physical  evil.  Something  has  been  done  by  the  opera- 
tion of  the  ''  City  Improvement  Act "  and  the  railway  companies 
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to  root  out  this,  the  very  lowest  type  of  dwelling;  but  much 
remains  to  be  done,  and  it  is  to  be  hoped  that  in  any  new  enact- 
ment power  will  be  taken  to  stamp  them  out  effectually  at  any 
coet  Mr.  Salmon  put  his  plea  for  the  necessity  of  thb  important 
subject  receiving  attention  so  admirably  that  I  cannot  do  better 
than  quote  a  few  sentences  : — 

''  It  requires,  indeed,  but  little  evidence  beyond  what  each  of  us 
can  gather  at  our  own  fireside  to  know  what  a  lasting  influence 
for  good  a  pleasant  and  well-regulated  home  imparts  to  human  life 
and  character,  and  with  little  trouble  and  no  great  circuit  of 
inspection  we  may,  on  the  other  hand,  gather  abundant  evidence 
of  the  influence  for  evil  which  the  baneful  class  of  houaea  just 
alluded  to  exercise  over  their  occupants.  In  such  houses  the 
parents  are  face  to  face  with  insurmountable  difficulties.  How 
can  they  train  their  families  as  they  grow  up  from  childhood  to 
manhood  and  womanhood,  each  i*equiiing  their  own  treatment, 
liberty,  and  accommodation — necessities  which  with  them  in  their 
miserable  abodes  are  unattainable?" 

No  body  of  men  can  more  justly  appreciate  the  causes  of  these 
evils  than  our  architects,  and  none  can  so  well  point  out  the  means 
by  which  they  may  be  i-ectified.  Dr.  Kussell,  in  his  IfM^ture  on 
"The  House,"  one  of  the  Glasgow  Health  Lectures  delivered 
during  last  winter,  says : — "  It  is  almost  too  horrible  to  express 
in  naked,  uncompromising  language  the  jostling  of  birtli  and 
death,  and  the  functions  of  life,  which  must  be  the  daily  experience 
in  these  small  houses."  Can  anything  be  done  to  provide  the 
working  classes  with  sufficient  accommodation  to  meet  the  wants 
of  common  decency  at  the  rent  which  they  can  afford  to  payt 
This  is  a  most  interesting  question,  and  one  which  I  do  not  think 
has  commanded  the  attention  it  deserves  in  our  city.  In  London 
and  other  large  towns  a  great  deal  has  been  done  in  this  direction. 
The  building  regulations  do  not  touch  the  arrangement  or  plan  of 
workmen's  dwellings  ;  that,  I  presume,  would  be  quite  outside 
their  pro\'ince.  They  assume  that  the  well-known  Glasgow  type 
will  })e  perpetuated,  and  seek  only  to  enlarge  the  scale  on  which 
it  is  to  be  built.  It  is,  under  the  most  favourable  circumistanoeSy 
in  my  opinion,  open  to  many  objections.  The  internal  stair  is 
bad,  or  may  be  so  if  not  kept  scrupulously  clean.  At  least  one  cf 
the  houses  on  each  flat  will  not  be  a  "  through-and-through''  house, 
and  may  therefore  be  defective  in  ventilation;  for  I  belieye  that 
for  a  thorough  and  complete  renewal  of  the  air  there  is  no  syBtem 
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of  artificial  ventilation  so  completely  effective  as  tbat  which  is  to 
l>e  obtained  by  an  open  window  in  the  front  and  back  wall  of  a 
house.  The  kind  of  building  which,  in  my  opinion,  would  be  much 
more  likely  to  be  cheap  and  healthy,  and  which  is  not  uncommon 
elsewhere,  would  be  constructed  on  what  is' known  as  the  '*  gang- 
way*' system  or  plan.  It  may  generally  be  described  as  a  building 
say  35  feet  wide  and  perhaps  four  storeys  in  height.  Gangways 
would  be  carried  along  the  whole  length  of  the  building  at  each 
fioor  leveL  At  proper  intervals  open  staircases,  constructed,  like 
the  gangways,  of  iron,  would  be  erected  outside  the  line  of  the 
gangway,  and  at  the  staircases — probably  entered  off  the  half 
landing — could  be  arranged  water  or  dry  closets  for  the  two  sexes. 
These  closets  would  be  lighted  and  aired  direct  from  the  outside. 
Each  house  would  have  a  door  to  itself,  entered  from  the  open 
gangway,  and  in  every  case  the  house  would  be  a  "  through-and- 
through''  one.  There  would  be  no  dark  comers — and  darkness 
means  dirt — either  in  the  staircase  or  the  gangways  or  passages, 
the  free  air  and  the  rains  of  heaven  would  play  about  them  and 
wash  and  purify  the  surface. 

The  idea  thus  crudely  sketched  is  a  very  simple  one.  If  the 
building  were  of  brick,  which  I  propose  it  should  be,  I  believe — 
although  I  have  not  gone  into  the  calculation  in  any  detail — that 
a  much  larger  cubic  space  could  be  given,  say  for  a  £10  rent,  than 
can  possibly  be  afforded  in  the  stone  building  arranged  on  the 
common  plan.  There  is  a  prejudice  against  the  use  of  brick  in 
Glasgow,  but  I  think  it  is  a  most  suitable  material  for  the  purpose 
we  have  in  hand.  The  walls  might  be  built  hollow  to  ensure 
dryness,  and  provide  a  space  which  could  be  utilized  for  ventila- 
tion ;  and  if  the  bricks  were  selected,  or  a  specially  smooth-faced 
kind  of  brick  made  for  use  on  the  internal  face  of  the  wall,  pro- 
bably plaster  might  be  dispensed  with  altogether,  and  the  surface 
of  the  brick  limewashed.  This  would  not  only  be  an  economy  to 
begin  with,  but  would  save  cost  for  upkeep  and  abolish  a  most 
convenient  harbour  for  dirt  and  vermin.  Other  directions  in 
which  economies  might  be  practised  will  no  doubt  occur  to  most 
of  you.  I  think  something  might  be  worked  out  of  the  suggestion, 
and  if  private  enterprise  does  nothing,  an  experimental  block  might 
be  erected  by  a  philanthropic  Town  Council,  or  at  least  ground 
might  be  given  on  such  terms  as  would  encourage  private  indi- 
viduals or  a  company  to  test  the  problem  on  something  like  the 
lines  indicated.     With  a  view  to  provide  as  many  separate  rooms 
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jEt  pcaBUe  tt>  each  ivMise  the  samdud  size  for  eadi  room  woaU 
n^)iiire  to  be  reduced  bek>v  tluu  Hdinied  in  die  prorisioBi] 
order.  I  vooki  mai  reduce  the  cvSaic  coatents  per  pa-mnt.  With 
oat  ]Mrpi  kitchen  or  tirii^  room,  the  bedrooms  m^^t  be  small 
No  more  peraoos  wonld  be  pat  into  the  space;  bot  the  sabdirisiiMi 
voold  be  greAter:  and  thos  secure  more  pri^acj  and  aepaimtion  for 
the  sexes.  The  bkicks  of  boilding  should  be  at  least  as  wide  apart 
as  the  proTisioDal  ords-  required,  and  there  should  be  no  crosi 
endsu  The '^hoUow  square'' wxxild  not  be  repested,  and  the  houses 
vould  be  as  free  and  open  at  the  ba^^  as  at  the  front.  A  prirate 
lane,  used  ouIt  for  ckareuTig  purposes,  wxxild  be  carried  through 
between  each  pair  of  blocks.  From  these  the  courts  could  be 
deansfd  and  flashed  with  water  in  dry  weather,  and  the  ash-bin 
emptied  everr  morning.  I  hare  used  the  word  ^  ash-bin  "  instfd 
of  "^asiqitt,''  for  I  propose  to  abolish  the  latter  contriTanofr 
Instead  of  the  brick  or  stone  erection  large  enough  to  contain  the 
houserefose  <^  a  whole  tenement  aocomulated  daring  a  month  or 
more,  I  would  sabstitute  an  iron  bin  w  smudl  om  to  eam^Mi  daibf 
removal  of  the  refuse. 

The  disposal  of  the  refoae  from  ashpits  is  another  question  of 
great  importance.  In  ccmnection  with  this  subject^  I  have 
lately  seen  a  report  to  the  Sanitary  Committee  of  the  Oom- 
missioners  on  Sewers  of  the  City  <tf  Loodcm,  ^On  some  of  the 
methods  of  di^Msing  <tf  all  kinds  <tf  refuse  by  cremation/*  The 
rqx>rt  is  prepared  by  the  Medical  Officer  of  Health  for  London — 
Dr.  Sedgwick  Saunders — and  it  proceeds,  with  great  detail,  to 
describe  the  ^cremator"  or  ^'destructor"  as  it  is  called,  and 
the  work  done  by  it  in  various  important  borou^^  in  England 
One  effect  of  the  destructor  is,  besides  destroying  its  injurious 
properties,  to  reduce  the  uiaterial  to  about  one-sixth  of  its 
original  bulk — a  very  important  matter,  indeed,  where  carriage 
has  to  be  considered.  Regarding  one  of  the  stations  visited,  where 
the  system  is  in  practice,  the  reporter  tells  us  that  it  is  situated  in 
the  midst  of  a  dense  population,  surrounded  by  houses  of  a  reqiect- 
able  character,  and  deals  with  the  refuse  of  sixty  thousand  persons. 
At  the  time  of  the  visit  the  place  was  entirely  finee  from  smell, 
and,  although  night-soil  in  large  quantities  was  mixed  with  house- 
refuse,  the  carbonaceous  matter  in  the  cinders  had  oompletdy 
deodorised  them.  The  products  of  the  refuse,  after  paiydng  through 
the  destructor,  seemed  to  have  considerable  valna  At  some  of 
the  places  visited  by  the  deputation  it  was  observed  tiuit  a  new 
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commercial  product  of  mai'ketable  value  had  been  created  by  the 
use  of  the  destructor — namely,  clinkers — resulting  from  the  process 
of  burning  the  refuse.  These  are  ground  by  heavy  rolling  mills 
into  powder,  and  then  mixed  with  25  per  cent,  of  lime  and  a  suit- 
able proportion  of  water,  and  the  result  is  a  useful  mortar  or 
cement,  found  to  be  very  tenacious  and  hard,  from  the  oxide  of 
iron  and  siliceous  matter  derived  from  the  clinkers.  Small,  hard 
bricks  are  also  made  from  the  same  material.  I  am  not  aware  if 
the  attention  of  our  own  authorities  has  been  directed  to  this 
method  of  disposing  of  refuse,  but  it  appears  to  me  worthy  of  their 
consideration,  and  might  be  tried  on  a  small  scale,  either  by  the 
town  itself  or,  better  still,  by  one  or  other  of  the  small  burghs  in 
the  neighbourhood.  The  practice,  which  was  at  one  time  common 
enough  in  Glasgow,  and  already  referred  to — that  of  using  the 
ashpit  refuse  for  filling  up  old  quarry  holes — is  still  carried  on  in 
some  of  the  fashionable  suburbs.  Shifting  the  refuse  from  the 
ashpits  behind  the  terraces  and  spreading  it  out  in  front  of  them 
is  not  removing  the  nuisance.  I  believe  that  the  turning  over  of 
the  material  in  its  removal  has  the  effect  of  reducing  its  disease- 
producing  properties;  but  it  is  at  least  unsightly.  6y-and-by 
the  mass  will  consolidate,  a  light  coat  of  grass  will  be  sown  on 
its  surface,  and  the  public  will  be  informed  that  there  is  eligible 
building  ground  to  feu ;  stately  terraces  will  be  erected,  and  occu- 
pied by  people  who,  if  they  ever  knew,  will  probably  forget  that 
they  are  living  on  the  top  of  a  "  free  coup." 

Having  thus  very  generally,  and  yet,  I  fear,  with  some  patience- 
taxing  detail,  alluded  to  various  matters  which,  besides  being  of 
pressing  public  importance,  are  of  special  interest  to  us  as  a  Society, 
I  will  now  refer  to  a  subject  to  which  you  have  already  given 
some  consideration,  but  which,  from  its  importance,  may  well 
receive  your  further  attention. 

During  last  session  Mr.  Robert  Scott  read  an  able  and  exhaustive 
paper  on  **  Measurers,  their  position  and  practice."  The  subject 
created  much  interest,  and  a  good  deal  of  discussion  ensued. 

Nothing  is  so  important  in  connection  with  every  building  con- 
tract as  the  proper  and  accurate  preparation  of  the  schedules  or 
bills  of  quantities  and  the  arrangement  of  the  conditions  of  the 
contract  in  such  terms  as  will  ensure  fairness  for  botli  sides,  and 
I  am  glad  to  see  that  the  suggestion  witli  which  Mr.  Scott  closed 
his  paper — ^viz.,  "  that  a  Measurers'  Institute  or  Association  should 
be  formed  " — has  been  adopted,  and  that  that  body  is,  or  will  l>e 
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ioinrij.  in  i»:s:ti*  -wrtxiiiZ  rr-isr.  Ii  will  haw  P^^n^  ^ 
11  ii:.  icut  fmn  'su^  w^fiHCiJiwa.  ■*giggi  aod  ^^****^  of  the 
ganTiffneTi  -v^i  ir?  'ifTfrx  'Si^  ^tmx  ix  lae  3isaiS&er.  I  chink  ve  naj 
jKik  5[ir  m*^  nje»  -vmim.  wC^  -nfiecc  &  srett  improineBient,  or 
ac  jhsur:  rr*:a2ifr  -nrniraj-  ix  lae  aii>fe  of  iBeaiareiiftesit.  Mr. 
S»i:=  "^^iltf  !&  ix  T»!gK-t.  -:;:  -iuf  3i«>»»  oc  aue^Ruwenty  diat  a  sate> 
mt'iL':  •"»«'f»*  ix  X  ?K:a'  r^^t^i  5*f^:r«^  ^k»  Archifieeuiial  SocieCT  19 
jMacs  itif?  niLj  ':*^  r««ry*TaHi  ^ST-^iAj  wish  ervn  greater  tzntk 
naoLtiLj — *  I^  i2f  .trmxaiiiLlj  mni&nc>fd  taafi  a  cootracsor  most  know 
'2H  jLfateu^q.  '^.•tmrt  itt  !:lx  knew  lae^  aioA*  of  Baeatomwuciit.^  If  this 
■§  irze.  wxii:£L  I  a:  zin:  ifnuc  h  3»  a  t^tt  rnwamfacttgr  cooditioD 
ci  '3tbi:Si.  izii  ini*  soniffr  =:  ^  pd  &z.  i3iri  to  the  better.  It  mppean 
taoiL  ▲Jiai:<i££*t  "Juar^  '-^  liix*  ftriT^-Tir  •!-2pR9EDOQ  **  Glaa^w  mode  of 
KicituixzvmifXLi. '  lOisrv  3i  ^^"^^j  ::<^'  i^rsi^zL&sed  mks  azid  regnlarions 
fior  iiL»^  anaiemjwniHi';  oc  .&:it  dats  cf  work,  except  maaoQ  work 
I  bsLT-^  =o  -iiabG  rs  wiZ  c*^  mr:  of  tii^  work  of  this  new  Society  to 
9BBSZ  in  use  pr?c«;ssioc.  of  nles  A=id  regoIatioBs  for  all  brmnches 
of  work.  iL^^iur  widi  iiir»  n^pnsezitiiciTes  of  the  trades  oonoemed, 
aziii.  «:f  v»crs4:'.  ^ae  Iz^scisace  oc  Arcniiects. 

I  mdkj  m.»*nizi>a.  in  this  cocziecdoa.  what  is  prohabir  known  to 
Bosc  ot  Tco.  ^ha:  th^  lasher  coiT  bare  already  had  snboutled  to 
them  by  ui^  Maaoos*  AsBocxadoa  new  mks  and  regnlatiQos  for 
the-  m^^asizrement  of  buooil  work  in  Glasgow,  and  that  thej  are 
^Tizi^  them  their  fulltest  eQctsi*ierasianL 

Th^iYie-  is  eriiieatlT  ample  siib|ect  fior  discnsskxi  awaiting  the 
Tarioas  parties  in  the  boildtng  trade,  and  while  it  would  be 
impossible  to  fnllj  cocsider  the  mniti&noiis  details  oonnected  witb 
the  maturing  of  eren  one  branch  of  the  snl^ect  in  the  limits  <f 
an  ordinarr  meeting  of  a  section,  I  giTe  it  as  a  suggestion  to  anr 
of  our  members  that  one  or  two  eTenings  of  the  ■^n'liim  ooald  be 
devoted  with  great  adrantage  to  the  consideTation  of  sodi  matters. 
It  is  not  within  the  scope  of  mr  remarks  this  evening  to  consider 
questions  as  to  the  modes  of  describing  work  whidi  will  be  most 
readily  understood,  and  tnuUntood  in  one  way  only,  by  oontnctors; 
but  it  appears  to  me  that  if  such  e:q>ressions  as  **  extra  OTer,^ 
'^  additional  oTer/'  and  allowances  gmerally  coold  be  Hlminy*^ 
from  all  schedules  something  would  be  gained  in  the  directioo  ol 
simplicity.  No  mode  of  measuring  any  kind  of  w<»k  can  be 
entirely  satisfactory  which  does  not  describe  and  dsssily  exaetfy 
wliat  is  intended  to  be  executed.  All  arbitrary  aUowanees  dMrald 
lie  giveu  up.     If  I  understand  Mr.  Scott  sri^t,  this  is  his  Tiew 
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also,  and  I  know  it  to  be  the  opinion  of  a  large  number  of  iny 
professional  brethren. 

There  are  one  or  two  other  matters  which  occur  to  me,  relating, 
however,  more  particularly  to  the  conditions  of  contracts,  which  it 
might  be  well  to  consider  at  the  same  time.  One  of  these,  and 
perhaps  the  most  important,  refers  to  the  time  and  manner  in 
which  payments  should  be  made  to  contractors ;  and  closely  allied 
to  that  question — indeed,  inseparably  connected  with  it — there  is 
the  arrangement  for  the  time  at  which  after-measurements  should 
be  made.  The  former  matter  is,  however,  often,  although  not 
always, .anunged  beforehand;  but  I  think  I  am  right  in  saying 
that  it  is  very  seldom  that  any  bargain  is  made  as  to  the  time  at 
which  the  measurement  should  be  done.  And  yet  it  seems  to  me 
that  the  one  thing  hangs  upon  the  other,  and  that  payments  should 
only  be  made  on  the  certificate  being  produced  from  the  measurer 
that  the  work  is  done.  It  would  then  be  the  duty  of  the  architect 
to  satisfy  himself  that  it  was  properly  done  before  certifying  for 
payment  His  business  is  to  deal  with  quality,  not  quantity.  In 
this  way  a  guarantee  would  be  afforded  to  the  contractor  that  he 
would  be  paid  for  his  work  within  a  reasonable  time  after  its 
execution.  Kesponsibilities  which  they  have  no  right  to  bear 
would  be  removed  from  the  shoulders  of  the  architects  as  to  pos- 
sible over-payments,  and  all  parties  would  be  satisfied  that  the 
work  being  paid  for  had  really  been  executed.  I  think  some  such 
clause  as  this  essential  to  provide  against  the  possible  abuse  of  tlie 
after-measurement  system — the  system  which  is  usually  followed 
in  Glasgow.  I  see  no  reason  to  suggest  the  abandonment  of  that 
system  in  favour  of  the  '*  slump  sum,''  as  I  believe  it  to  be  as 
free  from  objection  as  the  latter,  and  probably  the  fairest  for  all 
parties.  But  it  is  stated  that  there  have  been  cases  where  the 
house  was  completed  and  occupied  before  a  tape  had  been  put  upon 
it.  In  such  circumstances  it  is  simply  impossible  that  the  after- 
measurement  can  be  a  fair  representation  of  the  work.  If  there 
is  room  for  such  things  occurring  from  any  cause  under  the  present 
system,  it  certainly  ought  to  be  provided  against.  I  see  no  diffi- 
culty in  arranging  for  the  work  being  measured  at  certain  stages 
in  its  progress,  and  paid  for  within  a  reasonable  percentage  at  a 
fixed  time  after  the  measurement  or  certificate  that  the  work  has 
been  done  is  presented  to  the  architect 

There  is  a  further  and  not  unimportant  advantage  in  this 
plan.     The  proprietors  would  be  in  possession  of  accurate  informa- 
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tiocu  ftc  eTOT  sUkge  of  xhe  work,  &3  to  the  amoont  being  expended, 
aikd.  again,  xbe  measurement  haring  been  made  and  the  work  paid 
for  in  wiuu  I  maj  call  easy  stages,  the  final  measmement  would 
DOC  be  the  formidable  document  we  often  find  it.  Tlien,  questions 
arising  as  to  exira  work  coolJ  easily  be  settled  at  the  time  when 
tiie  work  coold  be  seen,  and  not  as  now — it  may  be  a  year  or  even 
more  after  it  is  done  and  covered  ap,  or  not  conTeniently  accessible. 

I  think  that  payment  for  work  on  measurement  cmly  is  a  most 
important  point.  Generally,  though  not  always,  the  architect  has 
to  make,  in  what  most  be  to  some  extent,  a  haphazard  way,  a 
cakrolation  oi  the  amount  due  to  the  contractor,  and  as  he  may  be 
held  responsible  for  over-payment  made  on  a  certificate,  he  naturally 
desires  to  keep  himself  safe  by  working  with  a  large  margin.  It  is 
seldom  satisfactory  to  hini.self,  and  still  more  seldom  satisfactory 
to  the  contractor.  Bat,  while  I  am  of  opinion  that  the  work 
shonld  be  measured  up  and  paid  for  at  frequent  intervals  daring 
its  prepress,  I  do  not  think  that  the  work  should  be  taken  off  the 
contractor's  hands  piecemeal  The  proprietor  bargains  for  a  com- 
l^ted  building,  not  for  a  bit  <^  iK-alling  or  a  tier  of  joists. 

This  suggests  another  point — small  in  itself,  but  stiU  one  which 
occasionally  gives  rise  to  some  difficulty.  I  allude  to  the  employ- 
ment  and  payment  of  a  watchman  daring  the  prepress  of  the  work. 
The  present  custom  is  tar  the  proprietor  to  do  so,  but,  as  I  hold 
that  until  a  building  is  completed  it  is  not  his  prc^perty,  he  has  no 
right  to  watch  it  And  I  say  this  in  spite  of  the  law  <Nr  cusUmb 
by  which  a  contractor  failing  to  fulfil  his  contract  cannot  remoTe 
his  plant  or  material — built  or  unbuilt — ^from  the  ground.  The 
proprietor  merely  retains  what  is  on  his  ground  in  forfeit  for  the 
non-fulfilment  of  the  contract,  or  in  security  for  the  payments  which 
he  has  made  to  account  Indeed,  the  principle  that  I  am  contend- 
ing for  may  be  said  to  be  already  admitted  under  the  dause  which 
stipulates  that  the  contractor  is  bound  to  make  good  all  damage  to 
the  work  in  its  progress,  and  deliver  it  over  in  a  perfect  ccmdition, 
and  this  too  irrespective  of  whether  it  is  watched  at  his  expense 
or  not 

There  is  another  small  matter  in  connection  with  masons'  con- 
tracts which  I  may  refer  to — viz.,  the  payment  of  water,  which  it 
h&s  been  the  custom  to  exact  from  the  proprietor.  I  understand 
there  is  no  ground  for  this  charge  among  the  ftTiatittg  rolcB  and 
regulations  for  the  measurement  of  mason  work,  and  I  can  imagine 
no  good  reason  for  making  a  separate  charge  for  water.     It  la  pari 
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of  the  material  from  wMch  mortar  is  made,  and  it  seems  to  me 
that  it  would  be  quite  as  reasonable  to  charge  separately  for  the 
sand  and  lime.  No  doubt  it  has  to  be  paid  for  by  the  contractor, 
and  he  must  recoup  himself ;  but  its  cost  ought  to  be  included  in 
the  general  price  for  building.  There  arc  many  other  points  con- 
nected with  the  payment  for  jobbing  which  might  well  be  con- 
sidered. Proper  arrangements  should  be  made  beforehand  for 
checking  both  the  quantities  and  the  rates  for  such  work,  if  it  has 
to  be  done.  Another  important  matter,  which  ought  to  be  settled 
now,  is  the  appointment  of  an  arbiter  or  referee  in  the  case  of  dis- 
putes under  building  contract.  The  usual  clause,  which  appoints 
the  architect  the  sole  judge,  with  the  power  of  giving  a  decision 
which  will  be  final  and  binding  on  both  parties,  has  long  been  held 
by  contractors  to  be  objectionable.  The  architect,  from  their  point 
of  view,  is  the  proprietor,  and  to  make  one  of  the  parties  to  a 
bargain  the  arbiter  in  any  dispute  arising  from  the  bargain  can 
hardly  be  considered  equitable. 

It  is  creditable  to  all  concerned,  considering  the  enormous  mmiber 
of  building  transactions  in  a  city  like  this,  that  so  few  cases  of  dis- 
pute arise,  and  it  is  likely  that,  under  the  improved  state  of  things 
which  we  may  expect  under  new  rules  and  regulations  for  the 
measurement  of  all  kinds  of  work,  the  proportion  will  be  still 
smaller;  but,  nevertheless,  an  arbiter  other  than  the  architect 
ought  to  be  appointed  under  every  building  contract. 

I  might  easily  occupy  your  time  further  on  this  question  of 
measurements  and  contracts,  but  I  hope  there  will  be  other  oppor- 
tunities, when  all  sides  can  be  heard,  and  I  will  not  detain  you 
further  on  this  occasion. 

I  wish,  before  leaving  the  subject,  however,  to  refer  to  one 
other  matter — the  payment  of  measurers'  fees.  These  are  at 
present  paid  one-half  by  the  proprietor  and  one-half  by  the  con- 
tractor. Of  course  the  contractor  has  to  allow  for  this  payment 
in  his  prices,  and  thus  it  is  the  proprietor  who  pays  the  whole  in 
the  end.  I  do  not  see  why  he  should  not  pay  the  whole  direct, 
and  so  relieve  the  contractor  of  all  trouble  in  the  matter.  At  all 
events,  if  the  present  custom  is  to  continue,  the  amount  of  the 
fee  should  be  clearly  stated  in  the  schedule,  and  that  is  not  done 
at  present.  I  understand  that  this  question  of  fees  is  being  or 
has  been  considered  by  the  Measurers'  Association,  and  if  they 
will  pardon  the  liberty  I  am  taking,  I  would  counsel  them  to  avoid 
Uie  percentage  system.  Let  them,  by  all  means,  if  they  see  their 
Vol.  XIIL— No.  2.  2  i 
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.T  ^  ji.  rx  &  fBLiBfuuHL.  Im  I  TiiTnt  ife  FivtOBL  wkidi  is  followed 
iz.  i£x  rrwz.  Tc-nfiSEanu  nf  frrTtg  a  wmarimum^  which  anj  one,  no 
Li::  rk  ■^■srifffifg  idmt  ht^  oel  c^>z;g^  ftzid  enforce  the 
nL  s  c>:;HirsinLji^(ie.  IWrt  is  aaple  eridoMX  tlimt  in  our 
zc-nf^9^:(L  r:  s  "«^-r«r-^.^  iTTWTTrfi'nTt  aB  orer  Uie  oonntrv.  A 
r:o«Li  wTTTrr  iiL  libf  St  :f»9«  Sbid — -*  Fcr  £Tt  per  cent,  yon  can 
x*p:  i2ifr  fci^:^  ic  CH-  iitsi  &ia^ed  popti  who  hMS  pat  a  brass  plate 
<s.  lis  dx'c.  azfi  2XKf  :«^cr  V'  i>fn  experiezioe  at  his  dicsnt's  cost, 
«t  zht  Ta:<T  '-•£  iiiiiTifukl  wb:*  cfclis  hiraarif  anctioiieer,  sorreTor, 
kriki^on.  azri  escsi^r  k^asA  all  ir  ooe.  or  the  accomplisiied  ardst,  pei^ 
f-ecM  t'T  i~^«rs  :c  fxitrrKKe  ard  a  lifedme  of  smdv.  In  modern 
iz-^zeerznl  rr&nLx.  as  ir.  tinarji  aiil  men  are  eqnsL  Tbe  painter, 
*»  lis  wcci.  isL':€r>x'*&.  rinses  his  prioes.  Tbe  barrister  expects  a 
li^irrr  fcie  as  Lis  r^ine  :«r<OBkes  knovn,'  and  the  same  may  be 
saii  d  ihr  =rE^::kI  n^az.  *  Bet  ibe  odj  rewazd,  with  rare  exoep- 
iSr^i^  \h»z  :«:=:res  to  -i^  zizr:^:  sacoE^sfiLl  architect  is  to  get  at  least 
rwi-.^  ->r  r  '--tz.  -en  liz^es  i^  ^.'sch  week  as  he  can  personally  manage, 
all  paii  fx-  a:  iLr^  3az=.-e  n:«  which  he  receiTed  at  the  ootaet  of  his 
<*r«=»?r.^  All  iLis  is  i^rfr^rtlr  irae,  and  is,  to  some  extent  at  least, 
tYoc^h:  aSxi:  'it  ibe  fjLrd  mnuimm'M  rate.  In  my  own  profesBion 
and  in  tha:  c-f  ibe  ni^^furer  tbe  payment  ought  certainly  to  bear 
some  r^ataoci  zo  the  ckiraeter  of  the  work  required,  and  a  ray 
«jiderenc  fee  oc^t  to  W  charged  by  both,  for  the  work  required  in 
connectiozi  wiih  a  factory  or  workshop  and  a  diurch,  mansion,  or 
public  building. 

I  hope  tha:  much  good  wiU  result  from  the  consideration  of  regul- 
ations for  measurement  and  other  matters  competed  therewith.  If 
it  should  enal-Ie  us  to  present  a  more  reliable  enrimate-  of  cost  to  our 
clients,  that  would  be  something  gained.  In  his  opening  address, 
a  late  president  of  the  Royal  Institute  of  British  Architects,  re- 
marked, that  there  was  a  certain  want  of  entire  otHifidenoe  in  archi- 
tects amongst  the  public^  arising,  as  he  thought,  firasn,  ammng  other 
things,  a  want  of  credence  in  the  accuracy  of  architect's  emtimatfas 
and  there  can  be  no  doubt  it  is  in  every  one's  experience  that  sadi  s 
feeling  exists.  I  do  not  stop  to  consider  why  it  should  be  so^  but 
I  will  say  that  the  architect  is  not  by  any  means  always  to  blame: 
The  fault  may,  and  very  often  does,  lie  with  the  dient  i>iwM»tf  or 
it  may  be  careless  measurement  from  the  plana,  or  iftrr  mraimm 
ment  from  the  executed  work,  or  from  trumped-np  bills  of  extras 
and  jobbing  accounts  which  cannot  always  be  checked.  It  is 
enough  for  us  to  know  that  tbe  feeling  does  exists  and  tiiai  there 
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is  occasionally  good  grounds  for  it — to  see  the  importance  of  doing 
whatever  will  raise  our  position  and  inspire  confidence  in  the 
minds  of  the  public.  Apart  from  this  matter,  I  think  it  will  be 
admitted  that  the  public,  on  the  whole,  appreciate  our  work. 
Glasgow  architecture,  both  in  design  and  execution,  is  not  second 
to  that  of  any  other  city  where  similar  opportunities  are  afforded. 
Our  late  President  gave  us  a  most  interesting  historical  account  of 
Glasgow  architectui^  of  the  past — the  work  of  such  men  as  Adams, 
Hamilton,  and  Stark,  of  Wilson,  Rochead,  and  Thomson — and  I 
think  it  not  unlikely  that  a  future  historian  will  be  able  to  speak 
not  less  admiringly  of  the  work  of  the  immediate  past  and  future. 
It  is  true  that  in  the  course  of  a  recent  leader  in  one  of  our  daily 
papers,  advocating  the  erection  of  new  galleries  for  the  exhibition 
of  works  of  art,  the  writer  said : — "  For  the  required  purpose  a 
costly  building,  with  a  fine  architectural  elevation,  got  by  compe- 
titive plans,  is  not  needed.  Indeed,  our  experience  of  architects 
and  competitive  plans  is  not  encouraging.  Instead  of  an  architect, 
a  civil  engineer,  accustomed  to  work  in  stone  and  iron,  would 
serve  the  purpose  better,  and  would  be  infinitely  cheaper." 

Some  of  us  may  sympathise  with  the  remarks  as  to  "  experience 
of  competitive  plans,"  but  I  do  not  believe  that  public  opinion  was 
fairly  represented,  as  it  usually  is  by  that  journal,  when  it  said 
that  their  experience  of  architects  had  been  unsatisfactory.  And, 
as  to  the  opinion  expressed  that  it  "  would  be  infinitely  cheaper  " 
to  employ  an  engineer — by  which  is  meant,  I  presume,  that  he 
would  design  a  cheaper  building — no  facts  are  given  in  support  of 
the  opinion,  and  I  cannot  imagine  that  any  can  be  advanced. 
Indeed,  I  think  that  the  contrary  is  more  likely  to  be  the  case.  If 
one  may  judge  from  their  work,  engineers  seem  to  be  less  hampered 
by  consideration  of  economy  than  architects  are.  But,  apart  from 
this,  I  do  not  think  that,  for  the  purpose  named,  the  Glasgow 
public  would  be  satisfied  with  the  description  of  building  hinted 
at.  Something  more  than  a  building  like  a  workshop  or  a  railway 
shed  would,  I  believe,  be  desired  by  the  citizens  of  Glasgow  to 
contain  their  art  treasures. 

This  leads  me  to  refer  for  a  moment  to  the  work  of  the  architect 
and  the  engineer.  It  appeal's  to  me  that  while  railways,  bridges, 
dry  docks,  and  breakwaters  should  be  left  to  the  engineer,  and 
houses,  churches,  and  public  buildings  to  the  architect,  yet  I  am 
of  opinion  that  in  important  works,  where  there  are  great  strains 
or  loads  to  consider,  the  architect  may  well  call  in  the  aid  of  the 
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engineer  ;  and,  on  the  other  hand,  there  is  room  for  improvement 
in  the  design  of  railway  stations,  girder  bridges,  and  such  like  struc- 
tures, and  that  it  would  be  a  public  advantage  if  the  architect 
were  pennitted  to  advise  in  such  matters.  This  is  all  the  more 
necessary  in  Glasgow,  as  it  is  very  likely  indeed  that  our  streets 
will,  within  the  next  few  years,  be  still  further  cut  up  with  new 
railways.  There  seems  no  reason  why  a  railway  bridge  crossing  a 
leading  thoroughfare  should  offend  good  taste  by  its  naked  severity, 
although  that  were  prefei-able,  in  its  simplicity,  to  the  same  form 
dotted  over  with  trivial  and  unsuitable  ornament,  as  we  often  see 
it  If  the  learned  skill  of  the  engineer  and  the  educated  taste  of 
the  architect  were  combined,  such  structures,  instead  of  being  an 
eye-sore,  might  be  made  to  lend  interest  and  variety  to  the  dull 
monotony  of  our  streets.  As  I  have  already  said,  I  do  not  believe 
for  a  moment  that  this  newspaper  opinion  reflected  to  any  extent 
public  opinion,  yet  we  cannot  shut  our  eyes  to  the  ia^ct  that  there 
is  sometimes  an  inclination  shown  on  the  part  of  people  whom  we 
would  expect  to  know  better  to  employ  other  than  architects  to 
do  architects'  work. 

At  the  outset  of  my  remarks  I  mentioned  that  this  section  w^as 
the  direct  descendant  of  the  Architectural  Society.  I  propose  to 
conclude  by  reading  an  extract  from  an  opening  address  by  the 
then  President,  the  late  Alex.  Thomson.  It  seems  to  me  to  be  as 
applicable  to  the  state  of  things  now  as  I  have  no  doubt  it  was 
then— in  1861. 

"  It  may  be  desirable  that  I  should  briefly  allude  to  what  may  be 
considered  the  mission  of  the  Society.  Its  object  is  not  merely 
technical.  We  do  not  wish  to  wrap  our  art  in  mystery  in  order 
to  gain  an  ascendancy  over  a  superstitious  public.  On  the  con- 
traiy,  I  believe  that  it  is  the  experience  of  every  competent 
practitioner  that  the  more  his  client  knows  of  architecture  the 
less  he  will  interfere  with  the  carrying  out  of  his  views.  It  is 
most  desirable  that  all  connected  with  building — ^the  representa- 
tives of  the  various  trades,  the  measurer,  the  architect,  the  client^ 
and  the  general  public — should  meet  on  the  same  platform ;  that 
each  should  understand  the  relation  which  he  bears,  and  the  duties 
he  owes  to  those  around  him,  and  to  the  whole ;  and  by  their 
united  efforts  to  raise  architecture  to  that  position  which  it  has 
occupied  in  the  best  periods  of  the  world's  history.  The  trades- 
man ought  not  to  be  content  with  merely  fulfilling  his  contract 
so  as  to  secure  his  price — he  should  find  his  chief  pleasure  in  his 
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calling,  giving  it  the  best  attention  that  any  worldly  pursuit 
deserves.  Let  everything  be  done  honestly  and  satisfaxitorily . 
Let  him  make  himself  acquainted  with  all  scientific  modes  of 
construction,  with  the  properties  of  the  materials  with  which  he 
has  to  deal.  He  should  understand  as  much  of  architecture  and 
architectural  expression  as  enable  him  to  bring  out  the  spirit  of 
any  work  put  into  his  handa  The  architect's  education  should 
embrace  all  these,  and  it  is  incumbent  on  him  that  he  practice 
them  with  great  care.  But  he  has,  besides,  another  class  of  duties 
to  perform;  and,  first  of  aU,  he  has  to  fill  his  heart  with  wisdom, 
and  to  exercise  his  mind  with  great  thoughts,  for  the  end  and  aim 
of  his  art  is  to  express  these.  To  aid  him  in  so  doing  let  him 
search  the  whole  world  of  nature  and  art  for  modes  of  expression, 
not  that  he  may  quote  them  entire  and  unchanged,  but  that  he 
may  learn  from  them  something  of  the  nature  and  meaning  of 
lines,  of  forms,  of  proportion,  of  light  and  shade,  and  of  colour. 
Let  his  imagination  be  filled  with  images  rather  than  his  memory 
with  modes.  How  often  have  we  heard  it  said  that  architecture 
was  a  finished  art — that  every  form  of  it  had  been  ^vrought  out. 
I  have  never  allowed  myself  to  think  so,  and  it  is  gratifying  to 
observe  that,  during  the  last  few  years,  our  illustrated  periodicals 
bear  evidence  of  the  approach  of  an  era  of  life  and  progress,  and 
I  hope  to  see  the  day  when  it  will  not  be  considered  necessary  to 
answer  the  question,  *What  style  do  you  call  that?'  but  when 
every  man  will  have  his  own  style  as  in  literature.  To  our  client-s 
I  would  say  do  not  put  yourselves  above  your  advisers.  The 
absurdity  of  such  a  course  seems  evident  enough,  one  would  think, 
and  yet  it  is  the  one  usually  followed.  Taste  is  supposed  to  be  a 
thing  inherent  to  every  man  who  can  afford  to  indulge  in  its 
practice;  and  yet  the  fact  is  that  the  greatest  disparity  exists 
towards  the  outer  rim  of  the  social  wheel.  As  we  approach  the 
centre  we  find  men  i^ree  as  to  general  principles,  and  certain 
objects  exist  which  all  men  of  intelligence  pronounce  to  be  beau- 
tiful. Our  taste  changes  with  our  experience,  and  the  more  we 
know  the  more  pleasure  do  we  derive  from  the  study  of  art.  I 
think  no  sensible  man  would  be  guilty  of  perpetuating  in  stone 
and  lime  the  crude  notions  of  the  hour,  when,  by  giving  his 
architect  a  judicious  latitude,  he  would  be  almost  sure  to  get 
something  that  would  afibixl  him  permanent  pleasure." 
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and  others ;  but  perhaps  the  conditions  may  have  been  left  un- 
heeded, and  without  receiving  any  scientific  attention  or  scrutiny. 

The  occurrence  of  the  phenomena  seems  to  be  associated  essen- 
tially with  cooling  of  the  liquid  at  its  surface  where  exposed  to  the 
air,  when  the  main  body  of  the  liquid  is  at  a  temperature  somewhat 
above  that  assumed  by  a  thin  superficial  film.  A  very  slight 
excess  of  temperature  in  the  body  of  the  fluid  above  that  of  the 
surrounding  air  is  sufficient  to  institute  the  tesselated  changing 
structure,  provided  that  the  soapy  water  is  in  other  respects  in 
good  condition  for  taking  the  actions  to  which  the  phenomena  are 
due. 

An  easy  method  of  procedure  for  making  suitable  experiments 
and  observations,  and  which  was  shown  to  the  Philosophical  Society 
in  illustration  of  the  communication,  will  now  be  explained.  A 
glass  pan  was  filled  to  a  depth  of  four  or  five  inches  with  soapy 
water  of  proper  consistency,  arrived  at  by  previous  trials.  Then, 
to  warm  it  slightly,  one  or  two  small  tin  cans  of  hot  water  were 
plunged  into  the  soapy  water,  so  that  heat  would  be  given  to  the 
soapy  water  by  conduction  through  the  sheet  metal.  The  warm 
water  cans  were  then  removed,  and  the  soapy  water  was  stirred 
to  bring  the  whole  to  about  a  uniform  temperature.  Then  the 
pan  and  its  contents  were  left  imdisturbed,  and  the  subsequent 
behaviour  of  the  liquid  was  watched.  Swirling  flows,  conspicuous 
by  their  pearly  streaks,  showed  themselves  for  some  time,  but  with 
gradually  abating  speed,  and  in  the  course  of  five  or  ten  minutes 
the  eddying  motions,  accompanied  by  spirally-formed  moving 
streaks,  were  gradually  dying  out,  and  the  moving  patterns  on  the 
surface  were,  by  slow  degrees,  assuming  a  tesselated  character. 
After  the  cessation  of  all  such  swirling  motions,  and  disappearance 
of  spirally-moving  streams,  the  tesselated  configuration  might  be 
found  to  continue,  perpetually  changing  in  all  its  individual  details 
from  minute  to  minute,  but  retaining  the  same  general  character 
for  many  hours  together. 

Fig.  I  in  Plate  VI.  repi'esents  the  general  appearance  that  the 
surface  of  the  soapy  water  in  the  pan  would  usually  exhibit  when 
left  standing  in  the  manner  described.  By  continuous  watching, 
it  may  be  noticed  that  the  smaller  enclosed  patches  are  generally 
diTniniRhiTig  in  size,  being  encroached  on  by  the  larger  ones  until 
they  collapse  and  cease  to  exist.  At  the  same  time  the  large  ones 
show  tendencies  to  sever  themselves  into  two  or  more  new  ones, 
which  in  their  turn  either  increase  and  split  again,  or  diminish 
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and  go  out  of  existence.  To  describe  the  numerous  and  varied 
features  of  transition  in  words  would  not  be  easj,  but  Figures  2, 
3,  and  4  show  three  successive  conditions  which  have  been  observed 
lis  occurring. 

In  Fig.  2  in  Plate  VI.  the  patch  A  has  larger  neighbours — B,  C, 
D,  and  £ — contiguous  with  it,  and  it  has  also  two  narrow  patches 
— F  and  G — contiguous  with  small  portions  of  its  boundary.  The 
patch  A  is  comparatively  narrow  in  the  direction  between  C  and  £1, 
and  is  rapidly  encroached  on  by  those  two  large  patches  C  and  £,  and 
becomes  naiTOwer  than  before,  without  necessarily  being  shortened 
in  length.  Also,  during  the  same  time,  the  narrow  patches  F  and 
G  collapse,  each  at  its  place  of  meeting  with  the  boundary  of  A ; 
and  in  each  case  where  the  collapse  takes  place  a  bounding  line  is 
left  between  the  two,  which  come  together,  as  is  shown  by  m  n 
and  /)  q  in  Fig.  3,  the  patches  F  and  G  of  Fig.  2  having  retired  to 
their  new  positions,  shown  as  F  and  G  in  Fig.  3.  A  little  later, 
and  the  patch  A  is  observed  to  have  disappeared  entirely,  by  col- 
lapsing into  the  line  a  tin  Fig.  4. 

Multitudinous  varieties  of  changes,  partaking  more  or  less  of 
the  general  character  of  those  here  described,  may  be  noticed  in 
various  watchings  of  the  behaviour  of  the  soapy  liquid  from  time 
to  time.  The  patches,  with  their  boundaries,  when  viewed  with 
favourably  applied  light,  show  appearances  as  if  each  patch  were 
formed  as  the  top  of  a  column  of  slowly  rising  fluid,  hftving  a 
mother-of-pearl-like  lustre,  seemingly  at  a  little  distance  below  the 
surface  of  the  liquid,  and  with  a  thin  layer  of  more  translucent 
liquid  lying  on  the  tops  of  these  pearly  patches.  It  seemi  to  be 
that  there  is  on  the  whole  a  very  slow  ascending  motion  in  these 
columnar  spaces,  and  that  above,  there  is  a  thin  superficial  layer  of 
cooler  and  seemingly  more  translucent  liquid,  receiving  perpetually 
new  supplies  from  the  rising  substance  of  those  columns^  and 
flowing  outwards  over  each  column  top,  and  that  the  two  e^eets, 
spreading  out  on  each  of  two  contiguous  columns,  plunge  down- 
wards, where  they  meet  in  the  mutual  boimding  line  of  the  two 
spaces  or  column  tops,  and  so  form  a  descending  current  or  septum 
between  the  two  columnar  spaces.  Where  three  of  the  boonding 
lines  meet  at  the  junction  of  three  column  tops,  the  downward 
current  seems  to  be  more  active  than  at  the  other  parts  of  the 
septums.  The  various  ascending  flows  here  spoken  of  as  oolunjuiy 
or  columnar  spaces,  for  want  of  any  better  nomenclature,  may  pro- 
bably not  exist  like  separate  columns  with  septums  between  them 
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of  descending  liquid  except  near  the  surface.  It  seems  likely  that 
the  down-flowing  liquid  of  the  so-called  septums  may  tend  to  gather 
into  thicker  streams  descending  from  the  comers  of  the  surface 
patches  where  three  of  such  spaces  meet ;  but  the  internal  motions, 
being  concealed  from  view,  remain  as  yet  obscure,  and  in  a  great 
degree  unknown. 

Scrutiny  of  such  motions  as  have  here  been  briefly  mentioned 
and  speculated  upon  has  been  carefully  made  in  many  ways,  but  the 
one  which  gave  the  most  remarkable  indication  was  by  sprinkling 
minute  crumbs  of  dry  aniline  dye  on  the  surface  of  the  liquid,  and 
observing  the  motions  of  the  liquid,  as  indicated  by  long  worm- 
like coloured  lines,  which,  as  it  were,  crept  forward  from  the 
crumbs  of  the  aniline,  these  crumbs  themselves  remaining  station- 
ary, or  nearly  so,  on  the  surface  of  the  liquid.  The  blue  worms 
of  aniline  glided  along  the  pearly  tops  of  the  columns,  sometimes 
forming  a  pit  or  depression,  down  which  they  would  plunge,  accom- 
panied by  some  of  the  cooler  surface  liquid ;  but  often  they 
continued  their  course,  so  as  to  reach  a  bounding  septum,  down 
which  they  could  be  seen  to  plunge  rapidly.  They  gave  very  clear 
indication  of  there  being  a  down-flow  of  the  cooler  surface  liquid 
in  every  septum. 

As  to  the  physical  and  optical  conditions  to  which  the  pearly 
appearance  may  be  due,  the  author  ofiered  some  suggestions,  but 
stated  that  much  must  remain  still  to  be  found  out  by  microscopi- 
cal or  other  researches,  which  he  inclined  to  recommend  to  any  whose 
opportunities  and  inclinations  might  lead  them  to  take  interest  in  the 
prosecution  of  such  researches.  He  thought  it  probable,  judging 
from  numerous  appearances,  that  the  soapy  liquid  might  contain 
in  suspension  multitudinous  flattened  or  elongated  particles,  like 
scales  or  crystals,  or  comminuted  glass  hairs,  which,  in  the  motions 
and  distortions  of  the  liquid,  would  tend  to  place  their  flat  faces 
or  their  elongated  sides  in  approximately-pai*allel  directions,  and 
so  would  give  special  optical  eflects  by  their  reflexion  of  light. 
He  ofiered  any  such  suggestions,  however,  with  great  diffidence, 
wishing  to  leave  the  subject  entirely  open  for  better  researches 
than  any  he  had  had  opportunity  to  attempt. 

A  like  tesselated  formation,  but  without  the  pearly  lustre,  is 
often  to  be  noticed  in  a  plate  or  bowl  of  beef-tea  or  other  clear 
floup  containing  minute  flocculent  particles  in  suspension  and  left 
cooling.  The  flocculent  particles  are  capable  of  showing  the  tesse- 
lated structure,  and  of  indicating  clearly  the  existence  of  motions 
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such  as  those  described  as  operative  in  the  formation  of  the  tesse- 
lated  structure  in  soapy  water,  but  such  particles  are  not  capable 
of  reflecting  the  light  so  as  to  produce  the  pearly  lustre. 

The  motions  now  described  and  explained  as  occurring  in  the 
soapy  water  and  other  liquids  when  showing  the  tesselated  struc- 
ture he  thus  believes  constitute  one  special  case  of  what  is  often 
called  convective  circulation.  He  points  out,  however,  that  this 
case,  with  a  thin  film  cooled  at  the  siirface  while  the  great  body 
of  the  liquid  is  at  a  somewhat  higher  temperature,  presents  essen- 
tial distinctions  from  the  case  in  which  convective  circulation  is 
caused  by  heat  applied  at  the  bottom  of  the  vessel.  The  sur&ce 
phenomena  and  the  actual  motions  throughout  the  body  of  the 
liquid  are  very  different  in  the  two  cases,  as  may  easily  be  seen 
by  a  little  consideration,  lx>th  theoretical  and  observational. 

Professor  Thomson  followed  up  the  communication  described  in 
the  above  abstract,  by  giving  to  the  Society  an  account  of  views 
which,  a  good  many  years  ago,  had  been  developed,  partly  by  his 
brother  Sir  William  Thomson,  and  pai-tly  by  himself,  on  a  some- 
what kindred  subject — Calm  Lines  on  a  Rippled  Sea.  Those  new 
views  he  had  submitted  to  the  Belfast  Natural  History  and  Philoso- 
phical Society  in  a  paper  read  on  7  th  May,  1862,  of  which  an 
abstract  is  to  be  found  in  the  Philosophical  Magazine  for 
September,  1862.     (Fourth  Series,  vol  24,  page  247.) 

The  phenomena  in  the  two  cases — those  of  the  Tesselated 
Changing  Structure,  and  of  the  Calm  Lines  in  a  Rippled  Sea, 
present  certain  features  of  close  resemblance,  and  other  features  of 
wide  distinction;  and  to  facilitate  the  consideration  of  the  two 
subjects  together,  an  abstract  of  the  paper  on  the  Calm  Lines  is 
here  subjoined.  It  is  nearly  in  the  same  terms  as  that  previously 
published  in  the  Philosophical  Magazine : — 

On  tlie  Catcse  of  tlie  Calm  Lilies  often  seen  on  a  Rippled  Seek 
By  Professor  James  Thomson,  LL.D.,  F.R.S. 

In  this  paper  the  object  of  the  author  was  to  offer  an  explanation  of  the 
origin  of  lines  of  glassy,  calm  water,  usually  long  and  sinnoas,  which  are 
often  to  be  seen  extending  over  the  surface  of  a  sea  darkened  elaewhare  by 
a  ripple.  He  adverted  to  the  commonly  received  8ii)ypotition  that  thcae 
lines  are  due  to  some  kind  of  oily  film  on  the  surface  of  the  water,  and  ta 
the  prevalent  idea  that  the  oil  is  somehow  given  off  from  shoals  of  fiahes. 
These  suppositions,  he  thought,  although  having  some  alight  foimdatioii 
in  the  facts  of  the  case,  did  not  form  the  true  explanation  of  the  phenome- 
non.     His  brother.  Professor  William  Thomson,  had  obeorvedy  and,  in  the 
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aatumn  of  1861,  had  pointed  out  to  him,  that  the  water  at  the  calm  lines 
always  contains  considerable  quantities  of  small  floating  objects,  such  as 
little  detached  pieces  of  sea- weed,  leaves  of  trees,  or  the  like ;  and  had 
accounted  for  the  smoothness  of  the  water  by  the  friction  induced  among 
the  little  undulations  by  the  presence  of  those  solid  objects.  The  question 
still  remained,  however,  as  to  what  might  be  the  cause  of  the  leaves  and 
sea-weed  being  arranged  in  such  long  and  sinuous  lines.  One  of  these  calm 
lines  was  noticed  in  the  autumn  of  1861,  in  Brodick  Bay  by  Professor 
William  Thomson  and  the  author ;  and,  on  rowing  into  it,  they  found  leaves 
and  sea- weed  abundantly  diflFused  through  the  water  there,  while  the  rippled 
water  on  both  sides  of  it  was  comparatively  free  from  such  objects.  The  line 
of  calm  water  evidently  sprang  from  a  point  on  the  shore  where  a  small 
river,  the  Springbank  Bum,  entered  the  sea,  and  there  could  be  no  doubt 
that  the  leaves  were  supplied  by  that  river.  Still  the  supposition  which 
tended  momentarily  to  present  itself  to  the  mind,  that  the  river  was  flowing 
out  over  the  sea  as  a  current  in  a  meandering  course,  and  thus  constituting 
the  sinuous  calm  line,  appeared  immediately  on  consideration  to  be  untenable. 
The  calm  band,  indeed,  was  noticed  sometimes  narrowing  with  advance  along 
its  course  out  from  the  land;  but,  if  it  were  a  current  of  lighter  fresh  water 
swimming  on  the  denser  salt  water,  it  ought  to  be  expected  rather  to  be 
rapidly  spreading  out  as  a  widening  sheet  in  advancing  from  the  land.  It 
occurred  to  the  author  that  the  water  of  the  river  would  actually  spread 
out  as  a  broad  sheet  over  the  surface  of  the  sea,  and  that  in  its  outward 
lateral  internal  flow  it  would  constantly  be  cariying  with  it  the  leaves  with 
which  it  was  originally  charged,  and  all  such  small  pieces  of  sea- weed  as  it 
might  meet  with  in  the  sea  water,  and  that  these  would  accumulate  in  a 
marginal  line  of  the  r^on  of  dispersion,  which  might  be  determined  by 
some  slight  flow  of  the  surface  of  the  adjacent  sea-water  meeting  this  out- 
spreading fresher  water,  and  causing  a  downward  or  sinking  motion, 
however  slight,  of  the  two  meeting  currents.  The  author  does  not  mean 
to  attribute  the  calm  lines  in  general  to  the  spreading  of  a  sheet  of  fresh 
water  over  the  salt  water  of  the  sea,  but  he  thinks  the  general  explanation 
is  readily  developed  from  the  observations  and  explanation  in  the  foregoing 
particular  case.  He  supposes  in  general  that,  in  estuaries  and  channels  of 
the  sea,  and  in  lakes  and  rivers,  the  water  must  often  be  affected  by 
various  causes,  such  as  tides,  breezes,  currents,  and  circulation  due  to 
differences  of  temperature,  so  as  to  be  made  to  rise  occasionally  at  some 
places  and  to  sink  at  others.  Now,  along  the  line  of  meeting  and  sinking 
of  two  opposing  surface  currents  all  floating  objects  carried  by  those 
currents  will  be  collected  together ;  and  there  they  will  act  as  dampers,  or 
floating  breakwaters,  for  the  small  ripple  undulations.  The  slightest 
possible  inequalities  of  the  forces  of  the  two  opposing  currents  at  difiereut 
places  along  their  line  of  meeting,  will  suffice  to  account  for  the  great 
sinuoaities  which  the  calm  lines  often  show.  If  there  should  happen  to  bo 
any  oily  scum  thinly  diffused  on  the  surface  of  the  water,  this  will  be 
brought  together,  along  with  sea- weeds,  &c.,  from  a  wide  area,  to  the  line 
of  meeting  and  descent  of  the  two  opposing  surface  currents;  and  to  an  oily 
film  having  been  frequently  noticed  on  the  calm  places,  though  really 
brought  to  them  in  the  way  now  suggested,  the  author  inclines  to  attribute 
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the  supposition  that  it  is  their  cause  ;  but  he  agrees  that  very  possibly,  too, 
an  oily  scum  thus  sometimes  brought  together  may  co-operate  with  the  sea- 
weed and  other  floating  objects  in  resisting  the  propagation  of  the  ripple. 

It  has  often  been  noticed  by  marine  zoologists  that  in  drawing  nets 
through  the  sea,  near  its  surface,  for  collecting  smaU  marine  animals,  they 
usually  found  that  these  animals  were  present  in  vastly  greater  abundance 
in  the  calm  lines  than  in  the  adjacent  rippled  sea ;  and  it  has  been  supposed 
that,  as  the  bodies  of  many  of  these  contain  oil,  this,  on  their  dying,  might 
be  given  off  from  their  bodies,  and  might  float  on  the  surface,  and  might 
cause  the  smoothness  there  observed.  It  has  also  been  noticed  that  shoals 
of  herrings  are  much  more  abundantly  met  with  under  the  calm  lines  than 
at  other  parts  of  the  sea,  and  it  has  been  supposed  that  oil  somehow  given 
off  from  their  bodies  might  come  to  the  surface  over  the  places  where  they 
for  any  reason  would  congregate,  and  might  produce  calm  patches  there, 
or  calm  lines  in  case  of  their  being  congregated  in  lines.  In  reference  to 
such  suppositions  the  author  points  out  that  even  if  we  waive  the  guestion 
of  the  probable  sufficiency  or  insufficiency  of  the  supposed  supply  of  oil 
proceeding  from  the  small  marine  animals  or  the  shoals  of  herrings  to  still 
the  surface  ripple,  yet  under  these  attempted  explanations  there  remains 
the  important  question  unsolved : — Why  should  these  animals  be  found  to 
congregate  in  long  sinuous  lines,  extending  often  continuously  for  miles 
over  the  surface  of  the  sea?  He  thinks,  however,  that  the  true  state  of  the 
case  probably  is  that  the  small  animals  are  brought  together  by  the  same 
currents  which,  according  to  the  supposition  he  has  offered,  collect  the  sea- 
weed, leaves,  and  other  floating  objects  into  lines,  and  that  the  animals,  not 
wishing  to  descend  with  the  meeting  currents  into  deep  water,  remain  near 
the  surface,  and  that  the  herrings  or  other  fishes  congregate  to  the  same 
lines,  in  order  to  feed  on  the  smaller  animals.  Also,  further,  the  author 
thinks  it  worthy  of  notice  that  sea-gulls  may  very  often  be  seen  flocking 
together  in  the  air  over  the  calm  lines  in  preference  to  other  places,  and 
dipping  down  there  to  feed  on  the  fishes  or  snmller  animals,  and  on  sncfa  of 
the  floating  objects  as  may  be  suitable  for  their  food. 
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XIIL  — On  a  New  Family  of  Rtigose  Corals^  iticluding  the  Genera 
Cyciophyllum,  AulophyUum,  and  on  the  Genus  Clisiophyllum, 
By  James  Thomson,  F.G.S.,  Corresponding  Member  of  the 
Royal  Society  of  Science  of  Liege,  and  Honorary  Member  of 
the  Royal  Ducal  Society  of  Jena. 


[Read  before  the  Society  on  let  March,  1S82.] 

In  the  year  1860  I  prepared  a  number  of  transverse  sections  of 
ihe  fossil  corals  from  the  carboniferous  rocks  of  Scotland.  During 
the  subsequent  four  years  I  accumulated  a  considerable  number  of 
both  genera  and  species.  Many  of  these  I  was  enabled  to  name 
and  classify  by  the  aid  of  the  admirable  memoir  of  Milne-Edwards 
and  Jules  Haime,  published  in  the  Transactions  of  the  Palieonto- 
graphical  Society,  1850-4.  There  was,  however,  a  number  that, 
neither  from  their  exhaustive  descriptions  nor  excellently-figured 
plates,  was  I  able  to  identify. 

Towards  the  end  of  1866  I  read  a  short  communication  before 
the  Geological  Society  of  Glasgow,  entitled  ''Notes  of  a  New 
Group  of  Corals,''  and  stated  that,  from  the  examination  of  a 
number  of  sectioned  specimens  from  Beith,  Bathgate,  and  Brockley, 
near  Lesmahagow,  I  felt  persuaded  that  in  the  carboniferous  rocks 
in  those  localities  we  not  only  had  represented  the  genus  Clisio- 
phyllum of  Dana,^  but  during  my  investigations  I  had  discovered 
a  group  which  differed  widely  from  that  genus,  and  seemed  to  be 
altogether  new.  A  variety  of  this  group  M'Coy  described  in  the 
Ann.  and  Mag.  of  Nat.  History,  second  series,  vol.  iii,  p.  3,  1849, 
as  belonging  to  the  genus  Clisiojfhyllum. 


*  Report  United  States  Explor.  Exped. — Zoophytes.  By  James  Dana, 
Geologist  of  the  Expedition,  vol.  iii,  p.  360,  pL  xxvi.,  and  subseqaently  in 
the  American  Journal  of  Science,  vol.  i.,  second  series.  In  order  that  I 
might  possess  the  most  reliable  authority  regarding  this  genus,  I  wrote 
inquiring  of  Prof.  Dana,  and  he  kindly  sent  me  a  copy  of  a  reprint  of  his 
original  paper,  for  which  and  other  kindnesses  I  Ofifer  him  my  cordial 
thanks. 
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For  another  variety  of  the  group,  M.  Edwards  and  J.  Haime 
created  the  genus  Atilophyllum  for  its  reception  ('*  British  Fossil 
Corals,"  1850).  In  consequence  of  the  hostile  spirit  expressed  in 
the  discussion  that  followed,  that  communication  was  not  published. 

In  the  summer  of  1867,  when  in  London,  I  submitted  a 
number  of  the  varieties  of  the  group  to  Dr.  Duncan,  then  Secre- 
tary of  the  Geological  Society.  He  not  only  corroborated  my  own 
opinion,  but  suggested  the  desirability  of  a  conjoint  paper.  That 
paper  was  published  in  the  Quarterly  Journal  of  the  Geological 
Society  J  November,  1867,  entitled,  **0n  Cyclophyllum,  a  new 
genus  of  the  Cyathophyllidce,  with  remarks  on  the  genus  Atdo- 
phyllum.'*  In  the  discussion  that  followed  the  reading  of  this 
paper,  Prof.  Huxley,  F.R.S.,  then  President  of  the  Geological 
Society,  stated  that  not  only  were  these  corals  new,  but  that  in 
any  systematic  work  on  classification  there  would  require  to  be 
created  a  new  family  for  their  reception. 

Subsequently  I  submitted  these  specimens  to  Prof.  Owen,  F.R.S., 
Palceontologist  in  the  British  Museum,  who,  after  carefully  examin- 
ing the  varieties,  I'epeated  a  similar  opinion  to  that  of  Prof. 
Huxley. 

Since  then  I  have  collected  all  the  varieties  my  time  would 
admit  of,  from  the  different  localities  where  the  carboniferous 
limestone  is  exposed  throughout  Scotland;  and  I  am  per- 
suaded that  the  materials  now  sM^cumulated  warrant  me  in 
giving  the  results  of  my  investigations.  In  doing  so,  I  am 
complying  with  a  request  that  has  been  frequently  made  during 
the  last  ten  years  by  a  number  of  my  Palseontological  friends, 
suggested  by  the  fact  that  most  of  the  authors  that  have  described 
the  generic  affinities  of  this  group  differ  widely  in  their  conclusions 
regarding  the  structural  characters  of  the  type  specimen  (figured 
by  the  Rev.  David  lire,  "History  of  Rutherglen  and  East 
Kilbride,''  1793),  and  from  the  fact  that  I  possess  a  transverse 
and  longitudinal  section  of  the  reverend  author's  original  specimen. 
These  sections  I  procured  through  my  friend,  the  late  Dr.  David 
Page,  F.G.S.,  who  proposed  that  the  Council  of  the  Royal  Society 
of  Edinburgh  should  place  in  my  hands  the  type  specimen,  with 
authority  to  have  it  sectioned,  and  to  take  transparent  sections 
for  the  puipose  of  having  reproduced  a  /acsimile  by  my  nature 
printing  process,  and  thus  place  in  the  hands  of  pal»ontologist8 
the  only  satisfactory  means  whereby  they  might  be  able  to  form  a 
proper  estimate  of  its  structural  characters.    PI.  II.,  Figs.  1,  1a,  and 


Hjl  Ja&  Tsumur  an  'i  JT^w  Fmmihi  of  Ruqom  CoraU.    VT'l 

iBy  reprenaotB  the  ffTtgrnai  aww^  fmni  a  ^^avt  made  iMs6ira  riie 
fpceuneiL  was  cat.  In  tiuu  n*axrrtiiK^  my  'itmrratumii^  L  :iin  w«!i) 
aware  of  die  ditfifinitiw  rbaz  prMMir  tiieniitf;i^^*jf  m  nin»  oiii  m 
allied  j^vpa,  ami  am  'OttuBieci  nfaat  -wnaz  .»  mffniinfl  i^ir  nfamr 
prof>er  identilicatioiL  is  ^in  .-iccniaoB  ^mnwu^n^  'it  ^r  *:7p«  'if  «iim:u 
geniia*  wiiicfa.  caiL  only  be  aermirRfi  ±nm.  liu?  «txainiJUOiin  *ii  \ 
aectioa  of  the  ffrtgrnai  iqerxiiifsfi.  uid  amn  i  .ars^  iKrTf»  'if  riin 
tecckned  spmnuau  'if  its  ulxert  TOKHses.  '^Idi  nuoi  luiii^  v#i 
syiy  b<*eame  acqiuuncRfi  -mish*  in  -^xamiinTUf,  many  •diwei^-^wlirivl 
qieoes  iiL  gfr.her  if  tiie  iE«eRi.  .fsaitintf,  ly  ramr  iMur  ftfinir.7,  vi  » 
dfiikr  peraspciiia  of  dusr  xmflci:  ytiaxiumsL  L*  ji-  unuiKC  .ifi«!v|]«Mi^ 
to  poms  OQS  tduc  izL  "iiui  vwy  iniy  jt  'iu^xft  ^n-y  .irnw  'it  '•umininit 
an  aeenzacf^  knawiefUEP  if  -am  *«wrni:?w  tnaiTMstaRct  rtf  i^imri  ?iy»*sk 
It  B  srifr  w>(  'laimai:  n^ttitiinic  "mut  ^rzziuniu.  itfn*:eQ»>  Li  v'sil 
prcaemifi  icMmims  XRneni  nwrmiraniL  j^  .n.  iuiu.7  .ni$Qnm«;«  mwr^ 
indkm&eiL  \n3i  I  im.  wcMfivL  'smc  ▼<(  'jta  -nii-jr  DnrL-v:  u:  »  «wr>M' 
fiicliorr  SQiosaaiL  'i£  viksl  ffnjfciit  «aiL  {n«cfsi^  dinsiifiTSim   'ir.uxrt  ii 

IntiSr  refer  "k*  'suvm^  tkVPsussck  -viii  iis'^^  lum  ir  *lt!«^  axT^*crH*i  ^stior 

Bbhl,  p.  7-     1*530. 
Cyaii^opkpthom  fwi^gkb» — Gkuiiiu:.       Gniud    <Uu-    Vt^rcfU    v     IC I 

CKficyifcyflMiii  ffroLa/pmAu — M*Gor.     Aim.  uiid  Maj:  of  Nut   Hmu 

BODond  BecieB.  voL  iii..  p.  S.     184^. 
A^ilopkjfQm^v^  pfxAapmtm — M.  £d wards  and  J .  Hainit..     lint  Vvm^ 

Ccralfi,  introd.,  p.  70.     185(^ 
Amlofkj^Ommfuftigite^ — ^Edwarde  aud  Haiuit:.     >V1.  Finik.  diir  Tnn 

PalKoz.,  p.  413.     1851. 
CUgiopb^htm  prolapsum — M^Coy.     Briu  FalnHi::.  FiiHh.,  |i  !*[«.  pt 

in.  c,  fig.  5.     1651. 
CyaUfpkjfiUmi /ui^fiie$ — Dunuaii  aud  Tlioniwiu.     i|>uun.  Jimnml 

Greological  Bocietj.     Kov.,  1867. 
From  the  diveraity  in  the  definitiou  bv  tlittHt*  difltTrmit  uiiUicini 
I  feiktlie  desirability  uf  delaying  tbe  publicaticm  of  my  own  iilwcfr 
▼atdonE  until  I  had  procured  additional  et'id<stu;t:.  and  had  had 
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additional  sections  prepared.  Since  then  I  have  prepared  upwards 
of  eight  hundred  sections  of  the  genus  Cyclophyllum,  six  hundred 
sections  of  Clisiophyllum,  and  twenty  sections  of  AtUophyllum 
from  the  carboniferous  rocks  of  Scotland  [the  latter  are  compara- 
tively rare] ;  and,  from  a  careful  examination  of  the  evidence  now 
accumulated,  I  find,  in  common  with  the  other  groups  of  coralline 
remains  in  the  genera  under  consideration,  there  are  forms  which 
have  close  affinities  to  allied  groups.  Indeed,  so  gradual  and  so 
complete  is  this  transition  that  it  becomes  difficult  to  decide  where 
to  draw  the  line  of  demarcation.  In  this,  as  in  my  former  com- 
munications, I  have  selected  pronounced  forms  as  central  types, 
and  have  selected  a  series  of  the  varieties  that  diverge  in  both 
directions.  In  order  that  we  may  have  a  clearer  conception  of 
their  relationship  to  the  genera  referred  to  in  the  above  list,  I  will 
briefly  refer  to  the  structural  character  of  each  genus. 

FuNGiTES.  Rev.  D.  Ure.  As  no  representative  of  the  &mily 
fungidse  has  yet  been  discovered  in  the  carboniferous  system,  I 
feel  that  it  is  unnecessary  to  do  more  than  refer  to  the  name  given 
by  the  reverend  author. 

TuRBiNOLiA  FuNGiTES.  Fleming.  The  genus  Turbi7iolia  was 
established  by  Lamarck  for  the  reception  of  a  group  of  Aporosa 
corals  from  the  Eocene  system,  and  as  defined  by  M.  Edwards  and 
J.  Haime  (Int.  to  the  Fossil  Corals  PaL  Society  Trans.,  p.  98), 
yield  the  following  structural  characters : — 

*'  Corallum  simple,  conical,  straight^  and  presenting  no  trace  of 
adherence.  Calice  circular;  columella  styliform;  septa  exsert 
Those  of  the  last  cyclum  bent  towards  the  neighbouring  oncB,  and 
united  to  them  ;  costa  lamellar,  straight,  entire,  and  very  project- 
ing, the  intercostal  grooves  presenting  a  double  series  of  small 
dimples  resembling  pores."  The  Zoantharia  AporoM,  as  defined  by 
these  authors  {loc,  cit.\  contain  groups  whose  septal  system  are 
multiples  of  six,  and  there  are  no  tabular,  characteristics  which 
clearly  preclude  them  from  the  sub-order  Zoantharia  Bu^asa^  the 
septal  system  in  the  latter  being  multiples  of  four,  and  the  fact 
that  the  genus  Turhinolia,  as  recorded  by  these  authors,  being 
restricted  to  the  Eocene  system,  precludes  me  from  admitting  it  as 
having  the  slightest  affinity  to  the  group  under  consideration,  and 
may  therefore  be  disposed  of  without  further  remarks. 

CYATnoPHYLLUM  FuNGiTES.  **  Gcinitz.  Corallum  simple  or  com- 
pound ;  no  costa ;  septa  well  developed,  extending  to  the  centre 
of  the  calice,  and  twisted  together  so  as  to  produce  the  appearance 
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of  a  small  columella;  tabulse  occupying  only  the  centre  of  the  vis- 
ceral chamber,  the  outer  portion  of  which  is  filled  up  with  numerous 
visceral  dissepiments.  A  single  wall  situated  exteriorly,  and 
produced  with  a  complete  epitheca." 

Clisiophyllum.  Dana.  (Original  description.)  ''Quite  simple, 
i-amose  or  aggregato-glomerate ;  corallum  having  the  cells  radiate; 
texture  internally  at  middle,  consisting  of  septa  and  cellules  con- 
veiging  upward,  but  without  a  distinct  axis;  texture  exterior  to 
this  middle  portion  cellular." 

Clisiophyllum.  Dana.  As  defined  by  Edwards  and  Haime. 
''Corallum  simple,  turbinate ;  septa  well  developed,  and  rising  towards 
the  centre  of  the  calice,  so  as  to  form  a  spurious  columella,  but  not 
twisted.*' 

AuLOPHYLLUM.  Edwaixls  and  Haime.  "Corallum  simple,  septa 
well  developed.  A  double  mural  investment,  the  interior  wall 
dividing  the  visceral  chamber  into  two  portions — one  central  and 
columnar,  the  other  exterior  and  annular ;  no  columella ;  tabulee 
but  little  developed." 

Cyclophyllum.  Duncan  and  Thomson.  "The  corallum  is 
simple,  tall,  comute,  or  more  or  less  cylindriccJ  ;  the  wall  is  very 
thin,  and  is  formed  of  epitheca ;  the  calice  is  deep,  and  its  margin 
sharp ;  there  is  a  central  projection  at  the  bottom  of  the  fossa, 
separated  from  the  ends  of  the  larger  septa  by  a  deep  groove. 
This  central  mass  consists  of  an  endothecal  covering,  with  numerous 
septa  attached  to  it  internally,  and  coalescing  to  form  some  large 
septa,  which  ramify  over  the  central  depression,  which  represents 
the  top  of  the  columella.  The  columella  is  essential,  and  is  made 
up  of  laminae,  which  arise  from  the  base  of  the  corallum  and  from 
the  dissepiments  which  unite  them.  The  endotheca  is  largely 
developed,  and  the  septa  are  very  numerous.  There  is  a  fossula 
with  three  small  septa  in  it,  and  processes  of  the  endotheca  of 
the  central  mass  projects  into  it." 

From  the  above  it  will  be  apparent  that  these  authors  rest  their 
generic  definition  upon  structure  totally  at  variance  with  each 
other.  Without  entering  into  the  minuter  details  of  each,  I  will 
briefly  notice  their  more  prominent  characteristics. 

In  the  Jirst  place,  the  genus  Cyathophyllum  was  founded  by 
Geinitz  for  the  reception  of  a  group  of  corals  whose  septa  passed 
into  the  centre  of  the  visceral  chamber,  the  centre  of  the 
corallum  being  composed  of  more  or  less  broad  tabulae.  Recent 
investigations  have  shown  that,  in  many  of  the  species  of  Cyatho- 
Vol.  Xm.— No.  2.  2  k 


4ri  F'u>um..f^Mau  -^xhgSj  ^'  Gimt^omc, 

pii^^Him^  ijfr  ^r^  fc:c  ^:r:  •;<  Hut  oeiiire,  Aod  the  faitiAd  i^ 
acuJjfr  u^^  •tx^oiaL   .*^^^y=lz  "^  aaLsr^  ^oa  tarwrn^  ibe  door 

-NsD.'M^y.  CAfi»i^H..ffl.'i2ak  vos  •iSSA&oscied  to  infhhip  a  groap  of 
<cek^  ^  viuiii  A  -t'f  *'^'  uim  oecs^brs  ike  centre*  of  the  cmlk^. 
vkkk  qtjwsr^  lotr  lAZZfS  ciss;* — cAjinA.  a  sent — vkidi  in  tiic* 
tffu&ST^rrse  ihti^ikEL  2»  st^trc.  lo  be  >jiBMd  by  (ibe  (uceHje^  vkich  ^wizag 
frc^  i£#r  fr-jar  «e£ji£s  :c  i^ir  ^cizi^&nr  ic^-c*.  ^nd  conTefzizig  inwmrds 

m  A  k'C;diaii=^  asn^zc  Are  ^e^s.  to  be  united  bv  a  srstem  of 
nuerliftaiffC:^  ccuvex.  cicil^ar  tEsor.  cociTexiiT  pomtifig  iqyvmrds 
and  inw^kzd^  atjI  coc^Tnergfr.g  to  the  centre  c-f  the  eentzml  area,  and 
Jrmyr.'rTz  ^  pse^Si-SKtiiiz.  liine  wLkh  extends  from  the  infenor  to 
the  scpervi'T  cxTFeositx  cf  tisie  conlhm. 

TkirikH^  Jic«(?pr%^74tjft  v^fts  escabosfaed  bj  M.  Edwards  and  J 
HazBQie  to  ic^iode  a  grocp  that  posseaBed  a  doable  moral  niTest- 
mtxji  which  di^iiicd  tLe  viioaai  chamber  into  two  poraona.  The 
cectrv  U  aic-<ilir,  azxi  ics  centrv-  is  oorapied  with  minute  complete 
tabolje,  whicL  extend  across  the  centre  of  the  liscefal  diamber 
tra&sTeise  tc*  the  axis  of  the  coraiiam. 

Fouriikl^^  Cyckopk^l^Hmk^  as  defined  by  Duncan  and  Thnmson, 
inchides  a  group  of  t-orals  that  had  a  central  area  that  projected 
at  the  bottom  of  the  fossa  and  separated  from  the  larger  septa  by 
a  deep  grooTe.  and  possesses  an  endoihecal  corering ;  and  around 
its  inner  margin  there  is  a  system  of  septa  which  pass  inwards 
and  coalesce,  and  form  a  spongy  tissue  in  the  centre  of  the 
central  area.  Hiis  tissue  springs  from  the  base  of  the  coralliim, 
and  is  tbere^>re  essential 

Thes^  point."^  of  difference  may  be  briefly  sommarised  as  follows : — 
C'/aiAopfi^um  may  be  readily  distinguished  by  (1)  the  arrange- 
ment  of  the  septa,  which,  in  some  forms,  extend  into  the  centre 
of  the  visceral  chamber,  while  others  stop  short :  (2)  thoe  are  no 
lamelbe  in  the  central  area  :  (3)  the  tabalc  of  the  central  area 
close  in  and  form  its  floor,  and  osoally  occupy  at  least  a  third 
of  the  total  diameter  of  the  corallum,  and  in  some  instances  ther 

m 

occupy  a  larger  ar»-a  <PL  IV..  Figs.  10  and  10a.)  Stractnral 
characters  so  widely  different  warrant  me  in  homologating  the 
classification  of  Edwards  and  Uaime,  and  rel^ating  the  group 
to  the  genus  originally  establLbhed  by  Gienitz  for  their  Teoeptkm. 
(4;  Clisiophyllum  is  separated  from  CyathopkyQum  hj  the  posses- 
sion of  the  conical  boss  that  occupies  the  centre  of  the  visoersl 
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chamber,  and  which  is  formed  by  a  system  of  lamellse,  which  con- 
verges inward  from  the  inner  margin  of  the  piimary  septa  to  the 
centre  of  the  central  area,  and  which  in  a  longitudinal  section  is 
seen  to  be  united  by  a  system  of  convex  plates  pointing  upwards 
and  inwards  (PI.  VI.,  Figs.  1  A,  2a,  and  5a).  (5)  Atdophyllumis  readily 
distinguished  from  Clisiophyllum  by  its  double  wall,  the  inner 
wall  forming  the  periphery  of  the  tubular  columella  and  the  minute 
tabulae  occupying  its  centre,  and  from  the  fact  that  in  a  longitudinal 
section,  instead  of  a  conical  boss  in  the  centre  of  the  calicular 
cavity,  it  presents  the  form  of  a  doable  cup  (PL  IV.,  Fig.  4).  (6) 
CyclophyUumy  as  defined  by  D.  and  T.,  is  at  once  distinguished 
from  ClisiophyUum  by  the  presence  of  a  doable  wall,  which  in  a 
weathered  specimen  (PL  11.,  Fig.  4)  is  seen  to  possess  a  central 
oolamellarian  tabe,  and  from  AtUophyUum  by  the  fact  that  the 
centre  of  the  columellarian  area  in  a  longitudinal  section  is  occu- 
pied by  more  or  less  discontinuoas  vertical  lamellar  plates,  and 
united  by  minute  interlamellar  tissue.  With  these  points  of 
difference  the  two  latter  have  one  point  in  common — {.«.,  that 
each  present  in  a  longitudinal  section  the  aspect  of  a  double  cup 
(PL  IL,  Fig.  2,  and  PL  IV.,  Fig.  4),  which  suggested  the  feanily 
name  which  I  now  propose  to  establisL  In  the  former  the  centre 
of  the  central  area  is  occupied  by  minute  tabulse,  while  the  latter 
18  occupied  by  minute  vesicular  tissue. 

Family. 

DiPLOCYATHOPHYLLiD^.*     Fam.  nov. 

Corallum  simple.  Septa  well  developed,  and  extend  inwards 
for  about  a  third  of  the  total  diameter  of  the  corallum.  Septal 
fossula  variable,  columella  tubular.  The  longitudinal  section 
presents  the  form  of  a  double  cup  at  the  superior  extremity  (PL 
II..  Fig.  2). 

The  form  and  structure  of  this  family  are  so  distinct,  and  differ 
so  widely  from  all  the  other  groups  of  coralline  remains  that  have 
hitherto  been  discovered  in  the  carboniferous  rocks,  the  double 
cup  and  septal  system  around  the  inner  margin  of  the  inner  cup 
suggests  that  it  is  probable  these  septa  are  the  expression  of  a 
double  circlet  of  tentacles — an  outer  aroimd  the  periphery  of  the 
corallum  and  an  inner  around  the  periphery  of  the  columella. 


*  This  name  was  suggested  by  my  old  and  much- valued  friend,  the  late 
Dr.  John  Soonler. 


■^-^     T^  sk3:e  »  asaalH^ deep.     Thaefenat 

b.-at  m  2t:c  ^ziv  lo  owe-  «re  not  lo  tUn.  Aad 
:r  >9E  f-i'in^  aai  «si£icu:^  is  ike  «entrF  <4 
t'lO.  it  blwct  IcB  rannl  aborv 
a  <Fi^  Is^  vUeh  in  « 
itMc  ^-  ztt  szTTv^sOBd  Ik-  »  aj^Iim  of 
."ccT^^Tf  i^vxris.  oMlesce.  and  mmmne  a 
T  iiKoics  i=  :£#  MCTTF  <rf  its  flnr  (R;. 
:-i^ik>^-T  i^  =.=wr  azki  nonneK,  and  arr 
rr-lsuy  sfrca  acTcr  exwnd  iaebi  de  wall 
u':=irQa.    ':<=;    an   nunrd    w  tk»    eennal 
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mass  by  a  system  of  sub-convolute  plates,  which  fold  round 
and  form  the  wall  of  the  columella  (PL  II.,  Fig.  4).  The  primary 
septa  exhibit  laminae  to  near  the  periphery.  Near  their  outer 
margins  they  are  single  and  thin.  The  interlamellar  spaces  are 
occupied  by  minute  transverse  gi:anular  plates,  in  number  from 
six  to  sixteen  in  the  space  of  a  line,  which,  in  a  longitudinal 
section,  are  seen  to  pass  inwards  and  downwards  along  the  inner 
fietce  of  the  laminae  (PI.  II.,  %.  5a-b).  The  secondary  septa 
usually  extend  inwards  for  fully  the  half-length  of  the  primary. 
They  are  united  by  interseptal  dissepiments,  which  are  few  in 
number  near  the  inner  margins  of  the  primary  septa,  and  more  or 
1088  numerous  in  the  external  area.  The  walls  of  the  septa,  the 
interseptal  tissue,  and  the  endothecal  structure  consist  of  two 
Iqrers — the  inner  dense  and  granular,  the  outer  also  granular,  but 
anich  less  dense.  The  fossula  is  variable  in  size  in  the  different 
varieties,  but  usually  well  marked. 

Hie  longitudinal  section  (Fig.  1b)  is  triareal.  The  central  area 
Is  tabulaFi  and  composed  of  thin  discontinuous  vertical  columel- 
larian  laminn,  and  each  of  these  laminae  is  united  by  concave 
Wmlie,  while  the  outer  margin  is  composed  of  convex  cellular 
tiMue,  convexity  pointing  outwards  and  upwards,  and  forming 
ijb»  waU  of  the  tubular  columella.  The  intermediate  (''inter- 
locular ")  area  is  occupied  by  convex  tabulae,  convexity  upwards, 
wood  unite  the  inner  ends  of  the  primary  septa.  The  outer 
(^interseptal")  area  is  occupied  by  more  or  less  convex  cellular 
tissue,  convexity  upwards  and  inwards,  and  arranged  in  oblique 
rows. 

This  genus  has  been  known  to  me  for  upwards  of  twenty-four 
years.  They  form  so  natural  and  so  well-marked  a  group  that 
their  identification  can  at  all  times  be  easily  recognised,  even  with 
the  most  cursory  knowledge  of  the  corals  of  the  carboniferous 
system;  but  I  have  delayed  publishing  the  results  of  my  own 
observations  until  I  had  procured  all  the  evidence  that  my  time 
would  admit  ol  Before,  however,  I  finally  decided  to  place  the 
results  of  my  investigations  on  record,  I  went  to  Paris  and 
examined  the  type  specimens  of  M.  Edwards  and  J.  Haime,  and 
also  examined  the  specimens  referred  to  by  these  authors  that 
are  in  the  Museums  of  London  and  Bristol ;  also  the  collection 
in  the  Dublin  Museum,  and  all  the  private  collections  that  I  had 
access  to;  and  had  the  advantage  of  the  examination  of  three 
collections  from  different  parts  in  the  three  Kingdoms  that  have 


4^J  Fkat^mpAicai  <Nxi€^y  c/ 


been  xslz  oo  bk-  fcr  dke  p-crpo§e  ^jj  idendficmdon  and  naming; 
and  hATi^  dixis  seme  IiEtle  cornwimce  in  appmarhing  the  definition 
of  Ube  znxzp.     I  aci  v«il  avare  titat  in  this,  as  in  all  the  other 
STOG^  q£  coralifTy  remazz::^  there   are  difficaliies   that   present 
theioaciTes  in  their  isi«iti£cuiofi  arisiiLg  tnom  the  near  affinities  of 
the  extrcfoe  forms  to  their  clearest  allv :  and  also  from  the  £act 
that  M-CoT.  in  his  vork  on  Paleozoic  Fossils^  1851,  asserts  that 
oDe  of  the  specks  oi  th^^  group  did  belong  to  the  genus  Cluiophyllum 
— a  5«a&enieni  vhich  I  hope  to  shov  is  untenable  vhen  I  come  to 
treat  on  the  laster  genus.     I  vas  furtha-  induced  to  delay  in  con- 
sequence  of  M.  Edvards  and  J.   Haime  having  established  the 
genos  Aulopk^Hm  tor  another  Tariecr.     This  type  specimen  is  in 
the  Bristol  MnseimL  bat  from  the  fiurt  that  this  specimen  is  uncat, 
and  therefore  ci>ald  not  be  identi&d  with  any  d^ree  of  certainty 
from   the  examination  I  did  gire  it,    and   from  the   detinitions 
by  these  aathofs  in  the  Transw  of   the  Paheon.   Soc,  1S50-4,  I 
am  (lersoaded  that  the  original  ooral  figured  by  the  Bev.  D.  Ure, 
in  the  **  History  of  Rntherglen  and  East  Kilbride,"  has  no  generic 
relatioQ  to  the  genos  Aulopk^ua%^ 

As  r^ards  the  relationships  of  the  genos,  CydophyUun^  may  be 
said  to  be  disdnguished  hv  characters  of  an  onasnally  pronoonced 
nature.  In  some  of  the  paasage  forms  (H.IIL,¥1g.  4),  in  one  respect, 
it  is  nearly  allied  to  the  genus  Rkodopk^um(2L  TIL,  Fig.  8),in  the 
arrangement  of  the  lamellff  in  the  centre  of  the  visceral  chamber, 
bat  it  is  distinctly  separated  from  that  genas  by  the  posBession  of 
the  depression  in  the  crown  of  the  colamella  presenting  the  aspect 
of  a  doable  cup ;  and  the  columella  is  always  separated  from  the 
inner  ends  of  the  primary  septa  by  a  system  of  curved  plates, 
which  curve  and  fold  round,  and  form  the  wall  of  the  columella. 
In  RhodophyUufm  the  crown  of  the  columeUarian  area  is  dome- 
shaped,  and  formed  by  a  system  of  sub-convolute  lamellae,  whidi 
fold  round  an  imaginary  axis  in  the  centre  of  the  visceral  chamber, 
and  the  lamellie  arise  from  the  inner  ends  of  the  primary  septa. 
PL  in.,  Figs.  7-9  and  10  have  a  near  affinity  to  the  genus  Cymaiio- 
phyUum  (Thomson,  PI.  VLL,  Fig.  5).  These  are,  however,  separated 
from  the  latter  in  the  possession  of  the  depression  in  the  crown  of 
the  columella  and  the  li^-all  that  forms  its  periphery.  In  Figs.  9 
and  10  the  wall  is  less  dense.  The  central  area  is,  however, 
separated  from  the  inner  ends  of  the  septa,  but  not  so  pranoonoed 
as  in  all  the  other  species,  and  so  may  be  r^arded  as  the 
forms  of  the  genus. 
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CyclophyUum  Fungites,     Ure. 
Plate  II. »  Figs.  1,  1a,  and  1b. 

Specie  Chcvracters. — Corallum  simple,  moderately  tall,  cylindro- 
conical,  and  curved.  The  epitheca  is  moderately  stout.  There  are 
encircling  lines  and  shallow  annulations  of  growth.  The  calice  is 
imperfect.  A  portion  of  the  upper  extremity  of  the  periphery 
is  eroded  away.  The  central  area  is  cup-shaped  and  prominent 
There  are  sixty-six  primary,  alternating  with  an  equal  number 
of  secondary,  septa.  The  primary  septa  are  bilamellar  for  four- 
fifths  of  their  length  from  their  inner  ends.  The  outer  ends  are 
thin  and  single,  and  each  is  laterally  united  by  rectangular  inter- 
septal  dissepiments,  which  are  few  in  number  in  the  (^'interlocular") 
area,  and  numerous  towards  the  periphery.  There  are  twelve 
interlamellar  strise  in  the  space  of  a  line,  which,  in  a  longitudinal 
section,  are  seen  to  extend  inwards  and  downwards  (Fig.  Is). 
The  central  area  is  obovate,  five  lines  in  diameter,  and  pointed 
towards  the  fossula,  and  exposes  the  cut  ends  of  the  endothecal 
septa  around  the  inner  margin  of  the  inner  cui)-shaped  projection, 
and  its  wall  is  united  to  the  inner  ends  of  the  primary  septa  by 
the  intervention  of  a  system  of  curved  plates,  which,  at  their 
inner  ends,  fold  round  and  form  the  wall  of  the  tubular  columella. 

The  longitudinal  section  is  triareal  (PL  XL,  Fig.  1b);  the  central 
area  exposes  discontinuous  vertical  columellarian  plates,  and  each 
is  united  by  minute  convex  tabulae,  and  the  wall  of  the  tubular 
columella  is  formed  by  a  system  of  sub-convolute  plates,  which 
extend  from  the  inner  ends  of  the  primary  septa.  These,  at  their 
inner  ends,  recurve,  fold  round,  and  form  the  wall  of  the  tubular 
columella.  The  intermediate  ("  interlocular")  area  is  broad,  and 
occupied  by  more  or  less  convex  tabulae.  The  outer  ("  interseptal ") 
area  is  occupied  by  irregular  lenticular  convex  cells,  pointing  up- 
wards and  inwards,  and  arranged  in  oblique  rows.  The  fossula 
is  small,  and  one  of  the  primary  septa,  half  the  length  of  the 
others,  extends  into  it. 

Height  of  corallum,  2  inches  4  lines ;  diameter  of  section,  1  inch 
in  the  longest  angle  and  1 1  lines  in  the  shortest  angle. 

Formation,  Cwrhoniferous  ;  Locality, — I  am  unable  to  say  pre- 
cisely in  what  locality  in  East  Kilbride  this  interesting  corallum 
was  found.  During  the  last  fifteen  years  I  have  visited  many 
localities  in  the  parish  of  East  Kilbride,  and  have  discovered  in 


ic  SmoJm 

Tb^  j0iiva  iz»  snaaaB»  laif  *  -shs  -:€  loe  cocsl  i^teJ  br  the 
sui  3flDei£  15  ifm  Fnynwf  P*^  2f*f.  rdtt?  5Qi  fis.  6^  and  now 
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soi  i^s^iTT  oETVYtl     TW  «{Ktkecm  is  tidn.  and  the  septi 
thrjugxh  az»i  areexpoaeii  in  deikate  ks^^itiidinnl  ridges. 


Tke  cafite  b  grj/ar.  azki  modefmseir  ererted  around  the  margin  of 
paripbsrr.  Tbt  cro vn  oi  tike  colvBidla  is  sl^kdv  raised  above 
inner  ends  of  ike  priBaij  ae|Kn.  and  ike  csp^kified  depnasioii 
in  ikeiapefiorcaiiemitTof  ikecohiMellaiKmodeiatelydee|i  Hie 
atina  are  moderaielv  Kom.  and  Uamdlar  for  fonr-fiftka  of  tkeir 
lengtfi  from  their  inner  end%  and  sing^  around  the  periphenr. 
There  are  ten  interlameUar  rectai^olar  pfaitea  in  the  qiaoe  of  m  line, 
which  are  the  cot  ends  of  the  intedamellar  strict  and  are  seen 
in  the  longitiidiDal  section,  extendii^  inwards  and  downwards 
Fig.  3b)l  There  are  sixtr-eig^t  primary^  alternating  with  an  eqpuJ 
number  of  secondaiy,  septa,  whidi  extend  inwards  from  the  peri- 
pheiy  for  fnilj  half  the  length  of  the  primaijy  and  each  is  oniied 
bj  rectangular  inteiseptal  diaseptments^  whidi  are  dense  in  the 
onter  area  and  few  in  number  near  the  inner  ends  of  the  piunaij 
septa.  The  central  area  is  circular,  and  is  &we  lines  in  diameler, 
and  in  transverae  secti<m  exposes  the  cat  ends  of  forty-ei^i  minute 
septa  around  the  iieriphenr  of  the  columella.  These  oonveige 
inwards,  coalesce,  and  fonu  a  reticulate  endoUiecal  tissoe  in  the 
centre  of  the  central  area.  The  space  between  the  endotkeea  and 
the  inner  ends  of  the  primaiy  septa  is  nearly  a  line  broad,  and  is 
oocnpied  by  sub-convolute  plates,  which  extend  firom  the  inner 
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ends  of  the  piimaiy  septa,  fold  round,  and  form  the  wall  of  the 
tubular  columella^  The  fossula  is  moderately  large,  and  three 
of  the  primary  septa,  of  shorter  length  than  the  others,  extend 
into  it.  The  central  septum  is  considerably  shorter  than  its 
two  neighbours.  The  longitudinal  section  is  triareal.  (PL 
IL,  Fig.  3.)  The  central  area  is  occupied  by  moi*e  or  less  dis- 
continuous plates,  which  intersect  the  dense  endothecal  tissue 
of  the  central  area,  and  the  outer  margin  is  occupied  by  delicate 
ascending  plates.  These  are  attached  to  a  system  of  plates  which 
curve,  and  pass  downwards,  around  the  inner  margin  of  the  cup 
in  the  crown  of  the  columella.  Some  of  these  unite  and  extend  to 
the  centre  of  the  visceral  chamber,  and  exhibit  a  dense  vesicular 
tissue;  and  the  outer  margin  of  the  wall  is  formed  more  or  less 
of  sub-convolute  plates.  A  portion  of  them  extend  outwards,  and 
are  attached  to  the  inner  ends  of  the  primary  septa.  The  inter- 
mediate (''  interlocular ")  area  is  broad,  and  occupied  by  convex 
tabuke ;  the  outer  (''  interseptal ")  area  is  occupied  by  convex 
cells,  convexity  pointing  inwards  and  upwards,  and  arranged  in 
oblique  rows. 

The  fossula  is  of  moderate  dimensions,  and  one  of  the  primary 
septa,  of  shorter  length  than  the  others,  extends  into  it,  and  a 
portion  of  the  endothecal  structure  extends  into  it. 

Height  of  coralliun,  3  inches.  There  is  a  small  portion  of  the 
inferior  extremity  awanting — probably  about  three-quarters  of  an 
inch.     Diameter  of  calice,  fully  an  incL 

Formaiion,  Carboniferous;  Locality, — Found  in  a  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  at  Petershill  Quarry, 
near  Bathgate,  Linlithgowshire. 

I  have  great  pleasure  in  naming  this  species  in  memory  of  the 
late  Rev.  David  Ure,  the  author  of  that  interesting  work,  "  The 
History  of  Kutherglen  and  East  Kilbride.'' 

Plate  IL,  Fig.  4,  represents  a  weathered  specimen  exposing  tlie 
tubular  columella  in  the  central  area.  Found  at  Cunningham 
Bedland  Quarry,  near  Dairy,  Ayrshire. 

CydophyUvm  Botoerbankii,     Duncan  and  Thomson. 

Plate  II.,  Figs.  5,  5a. 

Specyic  Characters. — Corallum  simple,  imperfect,  comute,  and 
carved;  calioe  awanting,  epitheca  thin,  with  encircling  lines  and 
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Ivoad   sluJIov    annuLitions  of  growth.     The  primaiy  septa  are 
$:Toiii,  Aiid  bilamt'llar  for  four-fifths  of  their  length  from  their  inner 
on«i;is      There  Jire  ei^t  interlamellar  rectangular  plates  in  the 
siiAot'  of  a  line,  which  are  the  cut  ends  of  the  interlamellar  stria*, 
and  aro  $^v»  in  the  longitudinal  sectioii  extending  inwards  and 
di^wnwarviiv     Tho  primaiy  sepita  are  single  and  thin  in  the  outer 
ar^xit     Tbciv  art^  >ixtT-eicht  pnmazy,  alternating  with  an  equal 
numlvr  cvf  s^vootiarr  septa:  the  latter  extend  inwards  from  the 
i^mpbfry  kvt  aixMii  half  the  length  of  the  primary,  and  each 
)s   unitcvi   Vy    nfvr&npikr    intemeptal    dissepiments,   which    are 
i-.\:v.>crocts  in  the  out^r  area,  and  few  in  niunber  near  their  inner 
^•rsts.     T^  vvstral  area  is  circular,  and  actmiinate  opposite  the 
tv^fiKiUL  arsi  is  s£\  lir:^  brv>»d.  and  exposes  the  cut  ends  of  a  system 
\Nf  vic-r.?^  vVvhm>fI.a7Ukz:  ser^ta.  which  oonTense  inwards  from  the 
xvr:^.iiSe?x.  c^.>a>soe!.  asd  a  p.^rtiosi  of  them  extend  into  the  centre, 
ar*.i  foiTs:  ibe  ivsacclar  tissue  in  the  centn^  of  the  tubular  colu- 
xsorCia.  A::)«i  :ftftc^  is  xiriVNi  br  nizuie  intexseptal  dissi^uments.    The 
«-d  ^  f.iirr.^  oc  kVctyx  eoiothecal  places.  conTexity  pointing 
o«i;:*"*r\^  x;>,^  scrrcxiified  Vy  a  xooe  cf  curred  plates,  whidi  unite 
tlv  .vC;;:ri>f^jb  TO  ;2K  ir=r^r  e&is  cf  tbe  primary  septa.    The  fosEula 
>s  r;>.v^:«ktc-*^  jar^^  A=ii  ^of-  .tf  ibe  rriraary  septa,  of  shorter  length 
T^jfcs:  uw  ,'Ojfrsw  cxDfo.^  iriK*  it. 

!r.  t^  Arc;c^^a^'=2^  ^^-^"c  ttev  is  a  snaee  ahooi  ifae  middle 
sY  dK>  .vcal^ut  wMv  ^^  ikYma2  rtitaaie  is  waating.  It  if 
.xv«v<9;v.  '•-'.'rj:  ..-^x-Cit^  cc  ^Esaf.  Tkis  cartKamse  of  fime  is 
cr^'s3al>.Af«i  XT.  a  yajkss^  w^-a  »«aks  ap  ia  nrreriiar  fiiiaii ;  Int 
>•  V^cjk'r  Tjxf  sgriicsu.rif  sxas^  "Skil  iS»piiaMii  tela 
^.!v  .::>f  .*f  :^^  rcor*.v  .t  if  lie  AKcracA  ef  tW 
\v  AT?*£:,>c^  >T  ^  :;xiif rr^aiaca  cc  seone  iwcaea  body,  I  am  not 
*^Y^'^.^c^v  r.*  it^-o^.  Yh^  lanvr  nmmi^  mxif  froeahleL  Xlmt 
^  \x>fi!c:»V  •=>  i^x'^ttx.TC.trfv-  rt  F?:fc»  lit*  far-  X 

'.'V  .f.txu.*':'j:9i.\74jL  ievizctt  is  imsnal  FL  DL  Fie.  ^t  TW 
v^.  <t  irw  Arrf>v  is  nr?ia£»  .uii  is  xr«t70A£  ?v  Jttat»  aai  ^BMiif  JSHoa- 
.. .  iviixs  .r<.xul  yriib::^?^  -v't^ca  an  'toi;  ,niQ  fmir  <4  ^be  Mfsa  iktt 
>ii.-'-,%Lj*i  -J**  \\rr«jrih*rv  ,-c  -j^f  .-viyrTTWHTta.  aool  4iac^  is  ■aiaei  hr 
ui.Lx'^j  TsyiLit!  Z^  ••rail  ^  7:iTn*ia  vc  AnL^c^ex 
>*i.c?)  WiJi;  ly  •*.-*iijv  laii  ic  ia«iir  xpois'  <mtts  «orrY 
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and  clasp  the  wall  of  the  columella.  The  intermediate  (*'  inter- 
locular  ")  area  is  occupied  by  irregular  convex  tabulae.  The  outer 
("  interseptal ")  area  is  occupied  by  convex  cells,  convexity  point- 
ing inwards  and  upwards,  and  arranged  in  oblique  rows. 

Height  of  corallum,  imperfect,  1^  inches  ;  diameter  of  section, 
1  inch  3  lines. 

Formation,  Carboniferous;  Locality. — Found  in  a  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  at  Gameshill  Quarry, 
near  Dunlop,  Ayrshire. 

Cyclophyllum  biacuminatum.      Thomson.     Sp.  nov. 

Plate  II.,  Fig.  6. 

Specific  Characters, — Corallum  simple,  moderately  tall,  cylindro- 
conical,  curved;  calice,  imperfect ;  shallow  transverse  section  ellip- 
tical ;  epitheca  thin,  with  crenulate  encircling  lines  and  shallow  and 
broad  annulations  of  growth.  The  septa  are  moderately  stout, 
and  bilamellar  for  two-thirds  of  their  length  from  their  inner  ends. 
There  are  eight  interlamellar  rectangular  plates  in  the  space  of  a 
line,  which  are  the  cut  ends  of  the  interlamellar  striae,  and  are 
seen  in  the  longitudinal  section  converging  inwards  and  down- 
wards. The  septa  are  single  and  slightly  flexuous  in  the  outer  area 
There  are  fifty-eight  primary,  alternating  with  an  equal  number 
of  secondary,  septa.  The  latter  extend  inwards  from  the  periphery 
for  fully  the  half  length  of  the  primary,  and  each  is  united  by 
i*ectangular  interseptal  dissepiments  in  the  outer  area,  and  few  in 
number  in  the  intermediate  ("  interlocular ")  area.  The  central 
area  is  elliptical  in  outline,  and  acuminate  at  each  end  of  the 
long  angles,  and  extends  into  the  fossula  on  the  ventral  side  of 
the  corallum,  and  on  the  dorsal  side  the  acuminate  projection 
extends  into  the  double  or  false  fossula.  The  wall  is  formed  of 
convex  endothecal  tissue,  convexity  pointing  outwards,  and  united 
to  the  inner  ends  of  the  primary  septa  by  the  intervention  of  a 
system  of  minute  angular  plate&  Around  the  inner  margin  of  the 
periphery  is  occupied  by  delicate  septa.  These  converge  inwards, 
coalesdB,  and  a  portion  of  them  extends  into  the  centre  of  the  central 
area,  and  each  is  united  by  minute  interseptal  dissepiments,  and 
exhibits  in  the  centre  a  reticulate  endothecal  tissue.  The  central 
area  is  7  lines  long  and  4  lines  broad.  The  fossula  is  large  on  the 
ventral  side,  and  two  septa  extend  one  line  into  it  from  the 
peripheiy,  and  on  the  dorsal  side  the  fossula  (false  fossula)  is 
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small,  and  one  of  the  primary  septa,  a  half  line  shorter  than  the 
others,  extends  into  it. 

Height  of  corallum,  3  inches;  diameter  of  section,  fully  1  inch 
at  the  longest,  and  1 1  lines  at  the  narrowest. 

Formation,  Carboniferous;  Locality, — Found  in  Bough  wood 
Quarry,  Beith,  Ayrshire. 

The  dense  endothecal  tissue,  the  elliptical  and  bicuminate  aspect 
of  the  central  area,  warrants  this  form  being  recorded  as  a  distinct 
species. 

CyclophyUum  pachyendothecurn.     Thomson.     Sp.  nov. 

Plate  II.,  Fig.  7. 

Specific  Characters. — Corallum  simple,  stout,  moderately  tall, 
conical,  and  curved.  The  cpitheca  is  thin.  The  exterior  margin 
of  the  septa  is  visible  from  without  through  the  thin  epithecal 
covering.  The  calice  is  shallow  and  circular,  and  in  its  centre  the 
cup  is  shallow  and  broad.  The  septa  are  stout,  and  bilamellar  for 
four-fiffchs  of  their  length  from  their  inner  ends,  and  there  are 
nine  interlamellar  plates  in  the  space  of  a  line,  which  are  the  cut 
ends  of  the  interlamellar  striae,  which  converge  inwards  and  down- 
wards. The  septa  are  thin  towards  the  periphery.  There  are 
seventy-six  primary,  alternating  with  an  equal  number  of  secondary, 
septa;  the  latter  extend  inwards  from  the  periphery  for  half  the 
length  of  the  primary,  and  each  is  united  by  rectangular  inter- 
septal  dissepiments,  which  are  dense  towards  the  periphery  and 
few  in  number  in  the  intermediate  ("  interlocular ")  aresL  The 
fossula  is  small,  and  a  portion  of  the  endothecal  tissue  extends 
into  it.  The  central  area  is  broad,  circular,  and  acuminate  at  the 
mouth  of  the  fossula,  and  is  six  lines  broad.  The  endothecal  vraU 
is  stout.  The  septa  are  minute  and  dense  around  the  periphery; 
they  extend  inwards  for  a  line,  they  then  coalesce  and  become 
fasciculate,  and  the  central  septum  of  each  fascicula  extends  in 
towards  the  central  area.  Thev  then  unite,  and  form  a  reticulate 
cellular  tissue  in  the  centre  of  the  central  area.  The  endotheca 
is  united  to  the  inner  ends  of  the  primary  septa  by  the  inter- 
vention of  a  system  of  angular  plates.  The  fossula  is  moderately 
large,  and  two  of  the  primary  septa,  of  shorter  length  than  the 
others,  extend  into  it. 

Height  of  corallum,  2^  inches;    diameter  of  section,  1  inch  4 
linea 
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Formation,  Carboniferous  ;  Locality, — Found  in  a  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  at  Brockley,  near  Lesma- 
hagow. 

The  stout,  pi'ominent  endothecal  wall  and  stout  septa  separate 
this  species  from  Cy.  Botoerbatikii,  its  nearest  ally. 

Cyclophyllum  obovatum.     Thomson.     Sp.  nov. 

Plate  n..  Fig.  8. 

Specific  Characters. — Oorallum  simple,  moderately  tall,  conical, 
and  curved.  The  epitheca  is  thin,  with  encircling  lines  and  iire- 
gular,  shallow  annulations  of  growth.  The  calice  is  circular  and 
moderately  deep,  and  the  central  cup  projects  above  the  inner  ends 
of  the  primary  septa.  The  primary  septa  are  moderately  stout, 
and  bilamellar  for  four-fifbhs  of  their  length  from  their  inner  ends, 
and  have  nine  interlamellar  plates  in  the  space  of  a  line,  which  are 
the  cut  ends  of  the  interlamellar  stiise.  The  septa  are  more  or 
less  flexnous.  There  are  sixty-four  primary,' alternating  with  an 
equal  number  of  secondary  septa.  The  latter  extend  inwards  from 
the  periphery  for  fully  half  the  length  of  the  primary,  and  each  is 
united  by  angular  interseptal  dissepiments.  The  central  area  is 
obovate,  and  acuminate  opposite  the  fossula,  and  three  and  a  half 
lines  broad  and  four  and  a  half  lines  long.  The  endotheca  is  com- 
posed of  convex  cells,  convexity  pointing  outwards,  and  there  is  a 
zone  of  dense  minute  septa,  which  extend  inwards  from  the  peri- 
phery for  three-fourths  of  a  line.  They  then  coalesce,  and  a  portion 
of  them  converge  into  the  central  area  of  the  visceral  cavity.  The 
endotheca  is  united  to  the  inner  ends  of  the  primary  septa  by  the 
intervention  of  a  system  of  large  cellular  tissue.  Some  of  these  are 
convex,  convexity  pointing  outwards,  while  others  are  more  or  less 
angular.  The  fossula  is  moderately  large,  and  one  of  the  primary 
septa,  half  the  length  of  the  others,  extends  into  it. 

Height  of  corallum,  3  inches ;  diameter  of  calice,  1  inch  2  lines. 

FomuUion,  Carboniferous;  Locality. — Found  in  the  coralline 
band  of  impure  limestone  in  Ti*earn  Quarry,  near  Beith,  Ayr- 
shire. 

This  species  is  readily  distinguished  from  the  preceding  by  the 
broad  zone  between  the  inner  ends  of  the  primary  septa  and  the 
wall  of  the  tubular  columella,  and  the  obovate  aspect  of  the 
superior  extremity,  and  by  the  short  and  dense  septa  around  the 
periphery  of  the  columella. 
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Cydophyllum  Scouierianum,     Thomson.     Sp.  nov. 

Plate  II.,  Fig.  9. 

Specific  Characters. — Corallum  simple,  tall,  conical,  and  curved, 
with  deep  encircling  lines,  and  irregular,  broad,  shallow  annu- 
lations  of  growth.  The  calice  is  wanting.  The  primary  septa 
are  bilamellar  to  near  the  peripl^ery ;  they  are  then  thin,  and 
there  are  ten  interlamellar  plates  in  the  space  of  a  line,  which  are 
the  cut  ends  of  the  interlamellar  striae,  which  converge  inwards 
and  downwards.  There  are  sixty-four  primary,  alternating  with 
an  equal  number  of  secondary  septa.  The  latter  extend  inwards 
for  fully  half  the  length  of  the  primary  septa,  and  each  is  united 
by  more  or  less  angular  interseptal  dissepiments,  which  are  dense 
in  the  outer  zone  and  few  in  number  in  the  inner  ("interlocular") 
area.  The  central  area  is  sub-circular,  and  fully  five  lines  broad 
and  fully  four  lines  long,  and  there  is  a  prominent  triangular  pro- 
jection extends  into  the  fossula.  The  wall  is  occupied  by  lenticular 
convex  plates,  convexity  pointing  outwards.  The  inner  margin 
of  the  periphery  is  surrounded  by  a  system  of  septa  which  extend 
inwards  for  a  line.  They  then  coalesce  and  converge  into  the 
centre,  and  form  a  dense  reticulate  cellular  tissue  in  the  centre  of 
the  central  area.  The  wall  is  united  to  the  inner  ends  of  the 
primary  septa  by  the  intervention  of  a  broad  zone  of  large 
irregular  cellular  tissua  The  fossula  is  moderately  large,  and 
one  of  the  primary  septa,  half  the  length  of  the  others,  extends 
into  it. 

Height  of  corallum,  imperfect,  3  inches ;  diameter  of  section, 
1  inch  4  lines. 

Formation^  Carboniferous  ;  Locality. — Found  in  a  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  at  Brockley,  near  Lesma- 
hagow,  Lanarkshire. 

This  species  differs  from  all  the  preceding  by  the  smaller  central 
area,  its  sub-circular  outline,  and  the  dense  vesicular  tissue  which 
occupies  the  tubular  columella ;  and  it  gives  me  great  pleasure 
to  dedicate  it  to  the  memory  of  my  old  and  valued  friend,  the  lato 
Dr.  John  Scouler,  who,  with  many  other  kind  favours,  suggested 
Diplocyathophyllidce  as  an  appropriate  name  for  the  &inily  in 
which  this  genus  is  included. 
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CychphyUv/m  Duncanianum, .  Thomson.     Sp.  nov. 

Plate  II.,  Fig.  10. 

Specific  Characters. — Corallum  simple,  tall,  conical,  and  curved. 
The  epitheca  is  thin,  with  crenulate  encircling  striae,  and  irregular 
and  broad  shallow  annulations  of  growth.  The  calice  is  circular 
and  shallow,  and  everted  near  the  periphery,  and  the  centre  of  its 
floor  is  occupied  by  a  narrow  and  shallow  cap-shaped  projection. 
The  primary  septa  are  bilamellar  for  four-fifths  of  their  length 
from  their  inner  ends,  and  there  are  ten  interlamellar  plates  in  the 
space  of  a  line,  which  are  the  cut  ends  of  the  interlamellar  striie. 
The  septa  are  thin  and  single  towards  the  peripheiy.  There  are 
seventy  primary,  alternating  with  an  equal  number  of  secondaiy, 
septa.  The  latter  extend  inwards  from  the  j)eriphery  for  three- 
fifths  of  the  length  of  the  primary  septa,  and  each  is  united  by 
rectangular  interseptal  dissepiments,  which  are  numerous  in  the 
outer  ("  interseptal ")  area  and  few  in  number  in  the  intermediate 
(**interlocular ")  area.  The  central  area  is  sul>-circular,  and 
four  lines  broad  and  five  lines  long,  and  the  wall  is  composed 
of  lenticular  plates,  and  is  attached  to  the  inner  ends  of  the 
primary  septa  by  the  intervention  of  a  zone  of  irregular  plates, 
which  are  few  in  number,  exposing  a  broad  space  between  the 
septal  system  and  the  columella.  The  inner  margin  of  the  peri- 
phery is  occupied  by  a  system  of  irregular  septa,  which  extend 
inwards  for  nearly  two  lines.  They  then  coalesce  and  converge 
inwards  and  become  united,  and  exhibit  a  reticulate  cellular  tissue 
in  the  centre  of  the  central  area.  The  fossula  is  large,  and  two  of 
the  primary  septa,  of  shorter  length  than  the  others,  extend  into  it. 

Height  of  corallum,  4  inches ;  diameter  of  calice,  1^  inch. 

Formation,  Carboniferous  ;  Locality. — Found  in  a  bed  of  shale 
that  is  interstratified  between  the  thin  beds  of  limestone  near  the 
base  of  the  lower  limestone  at  Brockley,  near  Lesmahagow,  Lanark- 
shire. 

This  species  is  distinguished  from  Cy.  Scoulerianum  by  tlie 
more  delicate  septa,  its  rectangular  dissepiments,  its  larger  fossula, 
and  in  the  absence  of  the  acuminate  projection  in  the  central  area, 
and  the  large  irregular  plates,  and  by  its  larger  septa  in  the 
columellar  area ;  and  I  have  great  pleasure  in  naming  it  in  honour 
of  Prof.  Peter  Martin  Duncan,  F.RS.,  my  colleague  in  the 
establishment  of  the  genus. 
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CyclophyUum  ellipticum.     Thomson.     Sp.  nov. 

Plate  IL,  Fig.  11. 

Specific  Characters,  —  Corallum  simple,  short,  and  cylindro- 
conical.  The  epitheca  is  thin  and  marked  with  delicate  encircling 
lines  and  irregular  and  broad  annulations  of  growth.  The  calice  is 
circular  and  shallow;  and  the  septa  are  everted  in  the  outer  area.  The 
central  area  projects  slightly  above  the  inner  ends  of  the  primary 
septa.  The  septa  are  bilamellar  for  nearly  their  total  length  from 
their  inner  ends,  while  around  the  periphery  they  are  single.  There 
are  nine  interlamellar  plates  in  the  space  of  a  line.  There  are 
fifty-two  primary,  alternating  with  an  equal  number  of  secondary, 
septa.  The  latter  extend  inwards  from  the  periphery  for  nearly 
three-fourths  of  the  total  length  of  the  primary  septa,  Imd  all  are 
united  by  more  or  less  rectangular  interseptal  dissepiments,  which 
are  dense  in  the  outer  ("  interseptal ")  zone  and  sparse  in  the  inter- 
mediate (*4nterl ocular'')  area.  The  central  area  is  elliptical  in 
outline,  two  lines  broad  and  three  and  a  half  lines  long.  The  wall 
is  formed  by  lenticular  cellular  tissue,  and  united  to  the  primary 
septa  by  sparse  convex  plates.  There  is  a  cycle  of  minute  septa 
around  the  inner  margin  of  the  periphery,  which  are  hardly  recog- 
nisable amongst  the  dense  endothecal  tissue  they  intersect,  and  a 
portion  of  them  converge  inwards,  and  are  more  or  less  flezuoua, 
and  presents  a  dense  and  reticulate  tissue  in  the  centre  of  the 
central  area.  The  fossula  is  large,  and  two  of  the  primary  septa, 
of  shorter  length  than  the  others,  extend  into  it 

Height  of  corallum,  2  inches;  diameter  of  calice,  10|  lines  long 
and  8i  broad. 

Formation,  Ca/rboniferous;  Locality. — Found  in  Roughwood 
Quarry,  near  Beith,  Ayrshire. 

This  species  is  readily  distinguished  by  the  elliptical  outline  of 
the  central  area,  and  by  the  secondary  septa,  which  are  much  longer 
than  is  usually  present  in  the  most  of  the  other  species. 

CyclophyUum  orbiculum.     Thomson.     Sp.  nov. 

Platen.,  Fig.  12. 

Specific  Characters, — Coi-allum  simple,  turbinate,  and  curved. 
The  epitheca  is  thin  and  marked  with  stout  enoircIiDg  lines  and 
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broad,  shallow  annulations  of  growth.  The  calice  is  deep  and  thin 
around  the  periphery,  and  the  cup-shaped  crown  of  the  columella 
is  prominently  projected  above  the  inner  ends  of  the  primary 
sepUi.  The  septa  are  of  two  orders.  The  primary  are  stout,  and 
bilamellar  for  four-fifths  of  their  length  from  their  inner  ends; 
and  in  the  outer  area  they  are  single  and  thin,  and  there  are  seven 
interlamellar  plates  in  the  space  of  a  line.  There  are  fifty-six 
primary,  alternating  with  an  equal  number  of  secondary  septa;  and 
all  are  united  by  interseptal  dissepiments,  which  are  rectangular 
and  delicate  in  the  outer  (''  interseptal '')  zone,  and  in  the  inter- 
mediate ("  interlocular*')  area  they  are  few  in  number.  The  central 
area  is  small  and  orbicular  ;  the  wall  is  formed  by  lenticular 
cells,  and  is  united  to  the  inner  ends  of  the  primary  septa  by  a 
system  of  large  irregular  plates,  which  extend  across  the  deep 
groove,  and  fold  round  and  clasp  the  wall.  The  septa  around  the 
inner  margin  of  the  endotheca  are  dense.  They  extend  inwards 
for  a  line.  They  then  coalesce,  and  assume  a  more  or  less  fasciculate 
aspect.  The  central  septum  of  each  fascicle  converges  inwards 
and  unite  in  the  centre,  and  all  are  united  by  minute  endothecal 
tissue,  and  presents  a  reticulate  structure  in  the  centre  of  the 
central  area.  The  fossula  is  conspicuous,  and  two  of  the  primary 
septa  extend  into  it. 

Height  of  corallum,  2  inches;  diameter  of  calice,  1  inch  1  line. 

Formation^  Carhontferous ;  Locality. — Found  in  the  coralline 
band  of  impure  limestone  at  Tream  Quarry,  near  Beith,  Ayrshire. 

The  small  orbicular  central  area  is  so  widely  different  from  any 
of  the  other  species,  I  feel  it  is  unnecessary  to  say  more  regard- 
ing it. 

CyclophyUwni  Carpenterianum.     Thomson.     Sp.  nov. 

Plate  ni.,  Fig.  1,  1a. 

Specific  CharcLcters. — Corallum  simple,  tall,  cylindrical,  and 
curved.  The  epitheca  is  thin,  and  marked  with  encircling  lines 
and  shallow  annulations  of  growth.  The  calice  is  circular  and 
everted.  The  central  area  is  broad,  and  if  the  cup  of  the  vertical 
section  had  been  cut  along  its  central  axis,  would  have  presented 
'the  aspect  of  a  deep  inverted  cone.  The  corallum  is  slightly  re- 
curved ;  consequently,  at  the  superior  extremity  the  vertical  section 
exposes  the  structure  of  the  peripheral  zone,  while  towards  the 
lower  extremity  the  septa  are  seen  converging  inwards  and  down- 
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wards.  The  septa  are  delicate  and  of  two  orders.  The  primary 
are  bilamellar  for  four-tifths  of  their  length  from  their  inner  ends. 
In  the  outer  zone  they  are  single  and  thin.  There  are  eight  inter- 
lamellar  plates  in  the  space  of  a  line,  which  are  the  cut  ends  of  the 
interlamellar  strise,  which  arc  seen  in  the  longitudinal  section  to 
extend  inwards  and  downwards.  There  are  eighty  primary,  alter- 
nating with  an  equal  number  of  secondary  septa;  the  latter  extend 
inwards  from  the  j)eriphery  for  fully  half  the  length  of  the  former, 
and  all  are  united  by  minute  rectangular  interseptal  dissepiments 
in  the  outer  zone,  and  in  the  intermediate  area  they  are  few  in 
number.  The  central  area  is  sub-circular,  and  exposes  the  cut  ends 
of  the  dense  endothecal  tissue  of  the  tubular  columella.  The  wall 
is  composed  of  small  convex  cells,  convexity  pointing  outwards. 
There  is  a  cyclum  of  delicate  and  numerous  septa  around  the  inner 
margin  of  the  periphery,  and  all  are  united  by  the  dense  endothecal 
tissue  they  intersect;  some  of  the  septa  coalesce  and  unite^ 
and  become  more  or  less  fasciculate ;  and  the  centi-al  septum  of  each 
fascicle  extends  into  the  centre  of  the  central  area,  where  they  unite. 
These  are  again  united  by  endothecal  tissue,  and  compose  a  dense 
reticulate  structure  in  the  centre  of  the  central  area.  The  fossula 
is  moderately  large,  and  one  of  the  primary  septa,  half  the  length 
of  the  others,  extends  into  it. 

The  longitudinal  section  is  triareal  (PI.  III.,  Fig.  1).  The  cen- 
tral area  is  broad.  In  the  centre  of  the  central  area  there  are  ex- 
posed the  cut  edges  of  the  columellar  septa,  converging  inwards 
and  downwards  to  the  centre,  and  usually  the  septa  of  each  side 
of  the  columella  meet  at  their  lower  ends,  and  in  outline  present 
the  aspect  of  an  inverted  conical  formed  cup.  These  septa 
are  more  or  less  indistinct  from  the  dense  endothecal  tissue 
they  intersect.  The  peripheral  zone  is  occupied  by  the  outer 
ends  of  the  septa  and  the  dense  endothecal  tissue,  and  their  outer 
ends  are  enveloped  by  a  zone  of  convex  cells,  convexity  pointing 
outwards,  and  forming  the  wall  of  the  broad  tubular  columella. 
The  intermediate  ("  interlocular")  area  is  occupied  by  convex 
tabulae,  convexity  pointing  upwards  and  inwards.  These  tabul« 
are  frequently  concealed  by  the  interlamellar  strie  arising  from 
the  curvature  of  the  corallum,  and  thus  the  interlamellar  spaces 
are  more  or  less  exposed  (PI.  III.,  Fig.  1b).  The  curvature  of  the- 
corallum  is  rendered  greater  by  the  fact  that  it  has  been  injured, 
and  the  fracture  extends  to  near  the  opposite  side  of  the  corallum^ 
as  presented  in  the  structureless  portion  near  the  lower  end  of  the 
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section.  The  outer  ("interseptal")  area  is  occupied  by  minute 
convex  cells,  convexity  pointing  inwards  and  upwards,  and  arranged 
in  oblique  rows. 

Height  of  corallum,  imperfect ;  the  specimen  is  3i  inches  long ; 
<liaraeter  of  calice,  1  inch  4  lines  in  the  long  angle. 

Formation,  Carboni/erous  ;  Locality, — Found  in  a  band  of  shale 
that  LS  interstratified  between  the  two  lowest  of  the  thin  beds  of 
limestone,  near  the  base  of  the  carboniferous  limestone  on  the 
banks  of  the  Poneil  Water.  Brockley,  near  Lesmahagow,  Lanark 
sliire. 

This  is  the  only  specimen  of  this  species  that  I  have  seen  in 
Scotland.  It  is  found,  however,  near  Richmond  and  Lancaster, 
in  England.  It  was  sent  to  me  for  naming  by  the  late  Mr.  Wood, 
of  Richmond,  and  I  saw  it  in  a  small  collection  belonging  to  a 
gentleman  from  Lancaster,  and  exhibited  at  the  meeting  of  the 
British  Association  in  York,  1881.  It  is,  therefore,  all  but  unique, 
and  I  have  great  pleasure  in  naming  it  in  honour  of  Dr.  William 
B.  Cari)euter,  C.B.,  LL.D.,  F.R.S.,  the  distinguished  physiologist, 
as  an  expression  of  my  tlianks  for  recent  and  former  kindnesses. 

Cyclophyllum  Bennieaniun,     Thomson.     »Sp.  nov. 

Phkte  III.,  Figs.  2,  2a,  2b,  and  2c. 

Specific  Characters. — Corallum  simple,  moderately  tall,  cylindro- 
conical,  and  curved.  Tlie  epitheca  is  thin.  There  are  encircling 
lines,  and  broad,  irregular  annulations  of  growth,  and  here  and 
there  we  find  dispersed  elongated  depressions,  which  are  indicated 
by  the  deep  indentations  around  the  periphery  in  the  trans vei'se 
sections.  The  calice  is  circular  and  moderately  deep,  and  in  the 
centre  of  its  floor  the  cup-shaped  projection  is  slightly  elevated 
above  the  inner  ends  of  the  primary  septa,  and  the  septa  around 
the  inner  margin  of  the  periphery  of  the  columella  are  seen  con- 
verging inwards  and  downwards,  and  a  portion  of  them  extend 
into  its  centre.  The  septa  are  more  or  less  clavate  at  their  inner 
ends,  and  bilamellar  for  three-fourths  of  their  length  from  the 
inner  ends  and  single  and  thin  around  the  peripheral  zone.  There 
are  ten  interlamellar  plates  in  the  space  of  a  line,  which  are  the 
cut  ends  of  the  interlamellar  strise.  There  are  forty-eight  primary 
septa  in  the  section  taken  from  the  superior  end,  and  forty- 
four  primary  septa  in  the  section  from  near  the  inferior  extremity 
of  the  corallum,  alternating  with  an  <H]ual  number  of  secondary 
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Hepta.  The  latter  extend  inwards  from  the  periphery  for  a  third 
of  the  length  of  the  primary,  and  each  is  united  by  a  narrow 
zoiLO  of  intcrsi^ptal  dissepiments  in  the  outer  area,  and  in  the 
intermediate  (^^interlocular^)  area  they  are  few  in  number. 
The  centi-al,  columellarian  area  is  sub-circular  and  acuminata, 
and  the  acuminate  portion  extends  into  the  fossula.  The 
wall  is  compose<l  of  convex  cells,  convexity  pointing  outwards, 
and  united  to  the  inner  ends  of  the  jnimar}'^  septa  by  the  inter- 
vention of  a  zone  of  irreguhir  plates,  which  at  their  inner  ends 
fold  round  the  wall.  There  is  a  system  of  septa  around  the  inner 
margin  of  the  periphery.  These  extend  inwanls  for  a  line.  They 
then  coalesce,  and  a  portion  converge,  inwards  to  the  centre  of  the 
central  area,  and  all  arc  united  by  the  dense  endothecal  tissue  they 
intersect.  The  fossula  is  medium  in  size,  and  one  of  the  primar}* 
septa,  fully  a  third  of  the  length  of  the  others,  extends  into  it. 

Height  of  corallum,  2^  inches ;  diameter  of  calice,  10  lines. 

Fomintiwi,  Carbmii/erous ;  Locality. — Found  at  Rough  wood 
Quany,  near  Beith,  Ayrshire.  It  is  also  found  at  Sheills,  East 
Kilbiide. 

This  corallum  is  cut  into  six  different  sections — three  of  these 
are  represented — and  I  believe  that  any  palaeontologist,  with  even 
the  most  superficial  knowledge  of  coralline  structure,  will  see  that 
the  specific  characters  are  persistent  and  distinct  from  the  superior 
to  the  inferior  extremity  of  the  corallum. 

This  species  is  distinguished  from  Cy,  Boioerbankii,  its  near 
ally,  by  the  fact  that  the  corallum  is  never  found  as  large,  and  is 
always  thinner  and  mon^  cylindrical,  and  the  structure  in  the  central 
area  is  never  so  dense,  and  the  cellular  tissue  of  its  wall  is  always 
more  compact,  and  may  be  said  to  be  an  intermediate  variety  be- 
tween Cy.  Bowerhankil  and  Cy.  pachyendothecum ;  and  I  have  great 
pleasun^  in  naming  it  in  honour  of  Mr.  James  Bennie,  of  the  staff 
of  the  Greological  Survey  of  Scotland,  and  as  an  expression  of  my 
thanks  for  his  kindness  in  aiding  me  in  discovering  what  I  believe 
is  the  locality  where  the  Rev.  David  Ure  procured  the  type 
specimen. 

Cyclophyllnm  M' Kerulrickianum.     Thomson.     Sp.  nov. 

Plate  III.,  Fig.  3. 

Specific  Cluiracters, — Corallum  simple,  imperfect,  conical,  and 
cur\'ed.     The  epitheca  is  thin,  and  the  exterior  mai*gin  of  the  septa 
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is  visible  from  without  through  the  thin  epithecal  covering.  The 
calice  is  wanting.  The  septa  are  somewhat  irregular  and  moder- 
ately stout.  The  primary  septa  are  bilamellar  for  four-fifths  of 
their  length  from  the  inner  ends,  and  single  and  thin  around  the 
periphery.  There  are  nine  interlamellar  plates  in  the  space  of  a 
line,  which  are  the  cut  ends  of  the  interlamellar  strise.  There  are 
sixty-two  primary,  alternating  with  an  equal  number  of  secondary 
septa,  and  all  are  united  by  rectangular  interseptal  dissepiments, 
which  are  numerous  in  the  outer  ("  interseptal ")  zone  and  sparse 
in  the  intermediate  ('*  interlocular  ")  area.  A  portion  of  the  septa 
are  interrupted  by  a  foreign  body,  which  indicates  that  that  body 
had  been  absorbed  by  the  tentacles  of  the  polyp  interrupting  the 
secretion  of  the  calcareous  matter  of  which  the  coralline  structure 
is  composed.  The  tentacles  would  seem  to  have  imbedded  this 
body  and  folded  over  it,  then  the  parts  coalescing  and  assuming 
the  normal  aspect ;  as,  in  order  to  know  how  deep  this  foreign  body 
was  imbedded,  I  cut  the  section  about  an  eighth  of  an  inch  below, 
and  found  only  a  small  portion  of  the  recurved  end  of  one  of  the 
septa.  All  the  other  tentacles  had  assumed  their  normal  form, 
the  septa  being  similar  in  outline  to  the  others.  The  central  area 
is  lai'ge  in  proportion  to  the  total  diameter  of  the  corallum,  and  is 
sub-circular  in  outline.  The  wall  is  formed  by  convex  cells,  con- 
vexity pointing  outwards,  and  attached  to  the  inner  ends  of  the 
septa  by  the  intervention  of  a  system  of  irregular  plates.  There 
is  a  system  of  septa  which  extend  inwards  for  a  line.  They  then 
coalesce,  and  become  fasciculate,  and  the  central  septum  of  each 
fascicle  converges  inwards  to  the  centre,  and  all  are  united  by  the 
dense  endothecal  tissue  they  intersect.  The  fossula  is  small,  and 
one  of  the  primary  septa,  of  shorter  length  than  the  others,  extends 
into  it 

Height  of  corallum  imperfect ;  specimen,  2^  inches;  diameter 
of  section,  11  lines. 

Formatunij  Ca/rbwiiferoua ;  Loccdity,  —  Found  at  Petershill 
Quarry,  near  Bathgate,  Linlithgowshire. 

This  species  differs  from  Cy.  Ureaniim,  its  nearest  ally,  by 
its  dense  endothecal  tissue,  and  its  irregular  and  stouter  septa, 
and  its  less-marked  fossula;  and  it  gives  me  great  pleasure  in 
dedicating  it  in  honour  of  Professor  John  G.  M^Kendrick, 
M.D.,  LL.D.,  to  whom  I  offer  my  cordial  thanks  for  his  uniform 
kindness. 
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Cyclophyllum  cnrviliyieare.     Thomson.     Sp.  no>'. 

Plate  III.,  Fig.  4. 

Specific  C^iaracters. — Coralluni  simple,  imperfect,  cylindrical. 
The  epitheca  is  thin,  and  there  are  encircling  lines  and  shallow 
annulations  of  gro>rth.  The  septa  are  delicate  and  numerous. 
The  primary  septa  are  bilamellar  for  four-fifths  of  their  length  from 
their  inner  margins,  and  in  the  outer  area  they  are  thin  and  single. 
There  are  ten  interlamellar  plates  in  the  space  of  a  line.  There 
are  seventy-two  primary,  alternating  with  an  equal  numlK*r  of 
secondary  septa.  The  latter  extend  inwards  for  a  third  of  tin- 
length  of  the  primar}^  septa,  and  all  are  united  by  minute  recta  n 
gular  interseptal  dissepiments,  which  are  dense  in  the  outer 
("interseptal")  area  and  few  in  number  in  the  intermediate 
("interlocular")  area.  The  central  area  is  irregular  in  outline, 
and  the  septa  are  scarce,  and  are  more  or  less  curvilineai*.  Tlie 
wall  is  composed  of  lenticular  curved  plates,  and  is  united  to  the 
inner  ends  of  the  primary  septa  by  the  intervention  of  a  system 
of  irregular  plates,  which  extends  across  the  broad  groove  that 
separates  the  upper  exti*emity  of  the  columella  from  the  inner  ends 
of  the  septa.  The  centre  of  the  central  area  is  occupied  by  irregular 
and  scarce  endothecal  tissue.  The  fossula  is  large,  and  two  of  the 
primary  septa,  of  shorter  length  than  the  others,  extend  into  it^ 

Height  of  coralhim,  imperfect ;  specimen,  1|  inch  ;  diameter  of 
section,  11  lines. 

Formation,  Carboniferous;  Locality, — Found  in  the  band  of 
shale  that  overlies  the  lowest  bed  of  limestone  at  Petershill,  near 
Bathgate,  Linlithgowshii*e. 

This  remarkable  species  is  distinguished  from  all  the  other  speciet> 
by  characters  of  an  unusually  distinct  kind,  and  may  be  regarded  as 
an  intermediate  form  between  the  genus  Cyclophyllum  and  the  genus 
Rliodophyllum  (PI.  VII.,  Fig.  8).  Tlie  septa  have  all  Uie  characteiv 
istics  of  Cyclophyllum,  as  it  is  only  from  the  structural  character 
of  the  central  area  that  we  can  define  either  genera  or  species; 
and,  while  there  is  a  near  affinity  in  the  curviline  character  of 
the  endothecal  tissue  to  the  sub-convolute  lamella  in  Bhodophyllum, 
yet  they  are  separated  by  characters  9f  a  fundamental  nature.  In 
Rhodophyllum  the  lamellse  are  more  or  less  united  to  the  inner 
ends  of  the  primaiy  septa,  and  they  curve  round  an  imaginary 
axis,  and  are  united  by  scarce  endothecal  tissue,  and  there  is  no  wall 
around  the  columellarian  area.     While  in  Cyelophyttum  there  is 
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a  more  or  less  broad  groove  around  the  cplumella,  there  is  always 
an  endotheca  formed  of  convex  cells,  and  united  to  the  inner  ends 
of  the  primary  septa  by  the  intervention  of  a  system  of  plates, 
and  there  is  always  a  cycle  of  septa,  more  or  less  dense,  around 
the  inner  margin  of  the  mural  covering.  These  converge  into  the 
centre  of  the  central  area,  and  present  a  more  or  less  reticulate 
structure,  and  I  believe  upon  the  whole  the  structural  characters 
of  this  species  have  closer  affinities  to  the  latter,  and  therefore 
must  be  placed  in  that  genus. 

CyclophyUum  coneentricum.     Thomson.     Sp.  no  v. 

Plate  III.,  Fig.  5. 

Specific  Characters. — Coi*allum  simple,  moderately  tall,  cylindro- 
conical,  and  curved.  The  epitheca  is  thin,  and  the  septa  are  visible 
through  the  thin  epithecal  covering.  There  are  encircling  lines 
and  irregular  annulations  of  growth.  The  calice  is  circular  and 
shallow,  and  the  crown  of  the  columella  is  slightly  raised  above  the 
inner  ends  of  the  primary  septa.  The  septa  are  bilamellar  for 
four-fifths  of  their  length  from  their  inner  ends.  In  the  outer  zone 
they  are  single  and  thin.  There  are  six  interlamellar  plates  in 
the  space  of  a  line.  There  are  forty-eight  primary,  alternating 
with  an  equal  number  of  secondary  septa.  The  latter  are  irregular 
in  the  length,  but  usually  extend  inwards  from  the  periphery 
for  half  the  length  of  the  primary,  septa,  and  all  are  united  by 
rectangular  interseptal  dissepiments  in  the  outer  zone,  and  in  the 
intermediate  ("interlocular")  area  they  are  few  in  number.  The 
central  area  is  spherical,  and  the  wall  is  composed  of  lenticular  and 
slightly  convex  cells,  convexity  pointing  outwards,  and  united  to 
the  inner  ends  of  the  primary  septa  by  the  intervention  of  a 
system  of  irregular  plates,  which  at  their  inner  ends  fold  round, 
and  clasp  the  wall  of  the  columella.  There  is  a  system  of  septa 
which  converge  inwards  from  the  periphery  to  the  centre  of  the 
central  area,  and  are  united  by  sparse  endothecal  tissue.  The 
foBSula  is  large,  and  one  of  the  primary  septa  extends  about  two- 
thirds  of  the  length  of  the  others  into  it 

Height  of  coralluro,  2^  inches ;  diameter  of  section,  9  lines. 

FormaUony  Ca/rhoniferous ;  Locality, — Found  in  a  band  of  shale 
that  overlies  the  lower  bed  of  limestone  at  Gameshill  Quarry,  near 
Dunlop,  Ayrshire. 
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This  species  differs  from  Cy,  cylindricum^  its  ueai'est  ally,  by 
its  smaller  central  area,  and  by  the  arrangement  of  the  septa  in 
the  central  area.  They  are  less  in  number,  and  nearly  all  of  them 
converge  to  the  centre,  assuming  a  concentric  aspect. 

Cydophyllum  cylindricum,     Thomson.     Sp.  nov. 

PUtein.,  Fig.  6. 

Specific  Characters, — (Jorallum  simple,  tall,  thin,  cylindrical,  and 
twisted.  The  epitheca  is  thin,  and  marked  with  flexuous  lines  and 
shallow  and  broad  annidations  of  growth.  The  calice  is  circular 
and  shallow,  and  the  cup-shaped  cix)w^n  of  the  columella  projects 
above  the  inner  ends  of  the  primary  septa.  The  primary  septa 
are  stout,  and  bilamellar  for  four-fifths  of  theii*  length  from  their 
inner  margins,  and  single  and  thin  around  the  periphery;  and 
there  are  eleven  interlamellar  plates  in  the  space  of  a  line,  which 
converge  inwards  and  downwards.  There  are  fifty-four  primary, 
alternating  with  an  equal  number  of  secondary  septa.  The  latter 
extends  inwards  from  the  periphery  for  about  a  third  of  the  length 
of  the  primary,  and  all  are  united  by  rectangular  interseptal  dis- 
sepiments, which  are  not  so  numerous  in  the  outer  (''interseptar') 
zone  as  is  usually  found  in  this  group,  and  few  in  number  in 
the  intermediate  (''interlocular")  area.  The  central  area  is  more 
or  less  spherical,  and  acuminate  opposite  the  fossula;  and  the 
wall  is  composed  of  convex  cellular  tissue,  convexity  pointing  out- 
wards. There  is  a  cyclum  of  septa  around  the  inner  mai^gin  of 
the  periphery,  the  majority  of  which  converge  inwards  to  the 
centre,  and  all  are  united  by  interseptal  dissepiments.  These  septa 
are  irregularly  developed,  and  greatly  less  in  number  than  in  any 
of  the  previous  species,  and  the  central  area  is  reticulate.  The 
fossula  is  large,  and  one  of  the  primary  septa,  of  shorter  length 
than  the  others,  extends  into  it,  and  a  portion  of  the  central  area 
passes  into  it. 

Height  of  corallum,  7  inches;  diameter  of  section,  11  lines. 

Formation^  Garhoniferotis ;  Locality. —  Found  in  Petershill 
Quarry,  near  Bathgate,  Linlithgowshire. ' 

This  species  \&  readily  distinguished  by  its  tall  cylindrical  aspect, 
by  the  shallow  calice,  and  the  greatly  less  dense  veBicolar  tissue  in 
the  central  area. 
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CyclophyUum/rondicunu     Thomson.     Sp.  nov. 

PUte  in.,  Fig.  7. 

Specific  Cliaracters. — Corallum  simple,  short,  turbinate,  and 
curved.  The  epitheca  is  stout,  and  there  are  encircling  lines  and 
shallow  annulations  of  growth.  The  calice  is  deep  and  everted. 
The  central  area  is  concealed.  The  septa  are  of  two  orders.  The 
primary  ai*e  bilamellar  for  two-thirds  of  their  length  from  their 
inner  ends,  and  around  the  outer  zone  they  are  frondescent. 
There  are  twelve  interlamellar  plates  in  the  space  of  a  line. 
There  are  forty-eight  primary,  alternating  with  an  equal  number 
of  minute  secondary  septa,  which  are  hardly  recognisable  in 
the  dense  vesicular  tissue  they  intersect  in  the  outer  zone,  and 
aU  are  united  by  angukr  interseptal  dissepimente  in  the  outer 
("  interseptal ")  zone,  and  few  in  number  in  the  intermediate 
(*'  interlocular '')  area  The  central  area  is  broad,  and  its  wall  is 
formed  by  large  lenticular  cells,  and  united  to  the  inner  ends  of 
the  primary  septa  by  the  intervention  of  a  system  of  angular 
plates.  The  septa  extends  inwards  from  the  periphery  to  near  the 
centre,  where  they  coalesce,  and  a  portion  extends  to  the  centre, 
and  all  are  united  by  endothecal  tissue,  and  exhibits  a  dense  mass 
of  vesicular  structure  in  the  centre  of  the  central  area.  The 
fossula  is  small,  and  one  of  the  primary  septa,  slightly  shorter  than 
the  others,  extends  into  it 

Height  of  corallum,  2  inches ;  diameter  of  calice,  1  inch  5  lines. 

Formation,  Carhoniferoue ;  Locality. — Found  in  cream-coloured 
shale  that  overlies  the  lower  beds  of  limestone  at  Catcraig,  near 
Dunbar,  Haddingtonshire. 

This  species  is  so  closely  allied  to  the  genus  DibunophyUum 
(Plate  VIL,  Fig.  9)  that  I  have  long  been  doubtful  which  of  the 
genera  it  ought  to  be  classed  with.  The  possession  of  the  wall 
around  the  columella  and  the  intervention  of  the  cycle  of  plates  that 
unites  the  columella  to  the  inner  ends  of  the  piimary  septa  has 
induced  me  to  place  it  as  an  extreme  variety  of  Cyclophyllum. 

Cyclophyllum  tortuostcm.     Thomson.     Sp.  nov. 

Phkte  III.,  Fig.  8. 

Spec^  Charttcters, — Corallum  simple,  moderately  tall,  cylin- 
irical,  and  curved.     The  epitheca  is  thin,  and  marked  with  delicate 
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encircling  lines  and  irregular  and  shallow  annulations  of  grov^-th. 
The  calice  is  wanting.  The  septa  are  of  two  orders.  The  primary 
are  bi  lamellar  for  three-fourths  of  their  length  from  their  inner 
ends.  There  are  nine  interlamellar  plates  in  the  space  of  a  line. 
There  are  sixty-four  primary,  alternating  with  an  equal  number 
of  secondary  septa.  Tlie  latter  extend  inwards  for  barely  half  the 
length  of  the  primary  septa^  and  each  is  united  in  the  outer 
(" interseptal")  zone  by  delicate  rectangular  interseptal  dissepi- 
ments, and  in  the  intermediate  ("  interlocular**)  zone  by  rectan- 
gular dissepiments,  which  are  few  in  number.  The  central  art»a 
is  sub-circular  in  outline.  Its  wall  is  composed  of  convex  cells, 
convexity  i)ointing  outwards,  and  attached  to  the  inner  ends  of  thi' 
primary  septa  by  the  intervention  of  a  system  of  angular  plates, 
which  at  the  inner  ends  fold  and  clasp  round  the  wall  of  the 
columella.  Around  the  inner  margin  of  the  wall  there  is  a  cycle  of 
minute  septa,  which  at  their  inner  ends  become  tortuous,  and  con- 
verge to  the  centre  of  the  central  area,  and  present  an  irr^ular 
reticulate  structure.  The  fossula  is  of  moderate  dimensions,  and 
one  of  the  primary  septa,  of  shoi-ter  length  than  the  others,  extends 
into  it. 

Height  of  coralliun,  5  inches ;  diameter  of  section,  1  indi  2 
lines. 

Formation^  Carboniferoua ;  LoccUUy. — Found  in  a  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  at  Petershill  Quarry, 
near  Bathgate,  Linlithgowshire. 

This  species  is  readily  distinguished  by  the  form  and  arrauge- 
in(?nt  of  the  endothecal  tissue  in  the  central  area. 

CyclophyUitm  paradoxacum,     Thomson.     Sp.  nov. 

Plate  m.,  Pig.  9. 

Sj)ecijic  CJiaracters. — CJorallum  simple,  moderately  tall,  conical, 
and  curved.  The  epitheca  is  thin,  there  are  encircling  lines,  and 
shallow  annulations  of  growth.  The  calice  is  wanting.  The  septa 
arc  stout,  and  bilamellar  for  three-fourths  of  their  length  from 
their  inner  ends.  In  the  outer  zone  they  are  delicate  and  single. 
There  are  seven  interlamellar  plates  in  the  space  of  a  line.  There 
arc  forty-eight  primary,  alternating  with  an  equal  number  of 
secondary  septa.  The  latter  extend  inwards  from  the  periphery 
for  a  third  of  the  length  of  the  primary,  and  all  are  imited  by  a 
narrow  zone  of  interseptal  dissepiments  in  the  oater  area,  and  in 
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the  broad  intermediate  ("interlocular")  area  they  are  few  in  num- 
ber. The  central  area  is  broad  and  sub-circular,  and  the  wall  is 
formed  by  concave  plates  on  one  side  of  the  columella,  while  on 
the  opposite  side  there  is  exposed  the  cut  ends  of  a  few  lamellse, 
which  extend  inwards  for  two  lines  from  the  inner  ends  of  the 
primary  septa  that  they  are  contiguous  to.  They  then  coalesce, 
and  a  portion  of  them  converge  inwards  to  the  centre,  and  all  are 
united  by  endothecal  tissue,  and  present  a  loose  reticulate  structure, 
while  the  opposite  side  of  the  columella  is  occupied  by  irregular 
concave  endothecal  tissue,  concavity  pointing  inwards,  exhibiting 
loose  cellular  structure.  There  are  thus  structural  characters  on 
the  one  side  of  the  central  area  which  properly  belong  to  the 
genus  Alberiia,  while  on  the  other  the  cellular  tissue  is  more 
closely  related  to  the  genus  CycUyphyllum,  From  details  so  much 
at  variance  I  have  been  long  in  doubt  as  to  what  group  this  variety 
could  be  placed  amongst.  The  structural  characters  of  the  latter 
genus  being  more  abundantly  represented,  I  have  meanwhile 
placed  it  in  that  genus.  There  is  a  septal  fossula,  and  two  of  the 
primary  septa,  of  shorter  length  than  the  others,  extend  into  it. 

Height  of  condlum,  imperfect ;  length  of  specimen,  2  inches  ; 
diameter,  1  inch  3  linea  ' 

The  section  represented  in  Plate  III.,  Fig.  9,  is  taken  from  three- 
quarters  of  an  inch  below  the  upper  part  of  the  corallum.  Tht^ 
specimen  is  cut  at  three  different  parts,  to  ascertain  if  the  struc- 
tural details  were  continuous  throughout. 

Formation^  Carhoiiiferoua ;  Locality, — Found  in  the  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  at  Brockley,  near  Les- 
mahagow,  Lanarkshire. 

Cyclophyllum  intermedium,     Thomson.     Sp.  nov. 

PUte  III.,  Fig.  10. 

Specific  Characters. — Corallum  simple,  imperfect,  cylindrical. 
The  endotheca  is  concealed  by  a  portion  of  the  matrix  it  was 
found  enveloping  it.  The  calice  is  also  concealed,  from  the  same 
cause.  The  primary  septa  are  bilamellar  for  three-fourths  of  their 
length  from  their  inner  ends ;  towards  the  periphery  they  are 
single  and  thin.  There  are  fourteen  interlamellar  plates  in  the 
space  of  a  line.  There  are  ninety-two  primary,  alternating  with 
an  equal  number  of  secondary  septa.  The  latter  extend  inwards 
from  the  periphery  for  a  line,  and   all   are  united  by  minute 
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endothecal  dissepiinenta,  which  are  numerous  in  the  outer  area 
and  few  in  number  towards  their  inner  ends.  The  central  area  is 
broad,  and  is  enveloped  by  a  wall,  which  is  composed  of  irregular 
convex  cells,  convexity  pointing  outwards,  and  is  united  to  the 
inner  ends  of  the  primary  septa  by  the  intervention  of  a  system  of 
angular  plates,  which  at  their  inner  ends  fold  round  and  clasp  the 
wall  of  the  columella.  Around  the  inner  margin  of  the  wall  there 
is  a  cyclum  of  septa,  which  converge  inwards  to  the  centre,  and 
all  are  united  by  the  endothecal  tissue  they  intersect,  and  present 
a  reticulate  aspect  in  the  centre  of  the  central  area.  The  septal 
fossula  is  large,  and  two  of  the  primary  septa,  of  shorter  length 
than  th(!t  others,  extend  into  it. 

Height  of  corallum,  imperfect ;  the  specimen  is  2  inches  long  • 
diameter  of  section,  1  inch  2  lines. 

Formation,  Carboniferous;  Locality. — Found  in  a  band  of  shale 
that  is  interstratiiied  with  the  thin  beds  of  impure  limestone,  about 
three  feet  above  the  lowest  bed  of  limestone,  at  Nettlehurst  Quarry, 
near  Beith,  Ayrshire. 

This  species  differs  from  all  the  other  species  of  the  genus  in  the 
form  and  arrangement  of  the  central  area.  The  columellar  septa 
are  less  numerous,  and  approximate  closely  the  genus  RhodophyUum 
in  their  curvilinear  aspect.  Hie  endothecal  covering  of  the  colu- 
mellar area,  and  its  union  to  the  inner  ends  of  the  primary  septa 
by  the  intervention  of  a  system  of  irregular  plates,  and  the  broad 
groove  around  the  columella,  are  of  themselves  sufficient  to  warrant 
nie  in  placing  this  species  in  the  genus  CydophyUum.  It  is,  how- 
<^ver,  another  of  those  forms  which  present  transitional  characters, 
and  illustrates  the  importance  of  having  a  large  series  of  specimens 
for  examination  before  an  approximate  opinion  can  be  expressed 
regaixiing  either  genera  or  species  with  any  degree  of  satis£su^oa 

Cyclophyllum  radianunu     Thomson.     Sp.  nov. 

Phkte  m.,  Fig.  U. 

Specific  Characters, — Corallum  simple,  imperfect,  tall,  cylin- 
drical, and  curved.  The  epitheca  is  thin,  with  encircling  granular 
lines  and  in^gular  shallow  annulations  of  growth.  The  calice  i> 
wanting.  The  septa  are  bilamellar  for  three-fourths  of  their  length 
from  their  inner  enda  In  the  outer  area  they  are  single  and  thin. 
There  are  eight  interlamellar  plates  in  the  space  of  a  Una     Then 
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are  eighty  primaiy,  alternating  with  an  equal  number  of  minute 
secondary  septa,  and  all  are  united  by  minute  and  rectangular 
ipterseptal  dissepiments,  which  are  numerous  in  the  outer  ('^inter- 
septal")  area,  and  few  in  number  in  the  intermediate  ("interlocu- 
lar")  area.  The  central  area  is  broad,  and  orate  in  outline.  The 
wall  is  composed  of  irregular  convex  cells,  convexity  pointing  out- 
wards, and  united  to  the  inner  ends  of  the  primary  septa  by  the 
intervention  of  a  system  of  angular  plates,  which  are  sparse,  and 
at  their  inner  ends  curve,  fold  round,  and  clasp  the  wall  of  the 
tubular  columella.  There  is  a  zone  of  septa,  which  extend  from 
the  inner  margin  of  the  endothecal  covering,  and  more  or  less 
radiates  into  the  centre  of  the  central  area.  These  septa  are  sparse, 
and  all  are  united  by  endothecal  tissue,  and  exhibits  an  open  reti- 
culate cellular  tissue  in  the  central  area.  The  fossula  is  large,  and 
one  of  the  primary  septa,  a  third  of  the  length  of  the  others, 
extends  into  it. 

Height  of  corallum  (imperfect),  3^  inches ;  diameter  of  section, 
1  inch. 

Formation^  Carhoniferous ;  Locality, — Found  in  the  band  of 
»hale  that  overlies  the  lowest  bed  of  limestone  in  Petershill  Quarry, 
near  Bathgate,  Linlithgowshire. 

This  species  differs  from  Cy.  fangiteSy  its  nearest  ally,  in  the 
form  and  arrangement  of  the  central  area.  The  endothecal  septa 
are  less  numerous,  and  the  endothecal  tissue  is  less  dense,  and 
presents  a  broad  irregular  and  open  cellular  tissue  in  the  central 
area. 

Cyclophylluvi  Moseleyanum,     Thomson.     Sp.  nov. 

Plate  III.,  Fig.  12. 

Specific  Characters, — Corallum  simple,  imperfect,  tall,  cylindro- 
oonical,  and  curved.  The  epitheca  is  thin,  and  the  exterior  ends 
of  the  septa  are  visible  through  the  thin  epithecal  covering,  aiid 
tliere  are  encircling  stria*  and  broad  shallow  annulations  of  growth. 
The  calice  is  deep,  and  thin  around  the  margin,  and  the  central 
area  freely  projects  above  the  inner  ends  of  the  primary  septa. 
The  septa  are  bilamellar  for  five-sixths  of  their  length  from  their 
inner  margina  There  are  twelve  interlamellar  plates  in  the  space 
of  a  line.  There  are  sixty-eight  primary,  alternating  with  an  equal 
number  of  secondary  septa.  The  primary  septa  are  stout  near 
their  inner  ends,  and  delicate  in  their  outer  zone,  and  all  are 
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united  by  interseptal  dissepiments,  which  are  rectangular  in  the 
outer  FX)ne  and  more  or  less  angular  at  the  inner  ends  of  the 
secondary  septa.  These  dissepiments  are  numerous  in  the  outer 
("interseptal")  area  and  sparse  in  the  intermediate  ("interlocular") 
zone.  The  central  area  is  sub-circular.  The  wall  is  composed  of 
minute  convex  cells,  convexity  pointing  outwards,  and  around  the 
inner  margin  of  the  endothecal  covering  there  is  a  cyclum  of 
irregular  and  more  or  less  flexuous  septa.  A  portion  of  these 
coalesce,  and  the  central  septum  converges  inwards  to  the  centre  of 
the  centi*al  area,  and  all  are  united  by  minute  endothecal  tissue, 
and  present  a  reticulate  cellular  structure  in  the  centre.  The 
endotheca  is  united  to  the  inner  ends  of  the  primary  septa  by  the 
intervention  of  a  system  of  angular  plates,  which  at  their  inner 
ends  curve,  fold  round,  and  clasp  the  endotheca.  The  septal 
fossula  is  distinct,  and  one  of  the  primary  septa,  half  the  length  of 
the  others,  extends  into  it. 

Height  of  corallum,  6  inches;  diameter  of  calice,  1  inch  5  lines. 

Formation^  Carboni/erous ;  Locality, — Found  in  the  coralline 
band  of  impure  limestone  in  Tream  Quarry,  near  Beith,  Ayrshire. 

This  elegant  species  differs  from  Cy,  Duncanianum,  its  nearest, 
ally,  in  the  form  and  arrangement  of  the  central  area^  which  is 
more  spherical,  and  the  endothecal  tissue  is  less  dense,  and  the 
groove  around  the  inner  ends  of  the  primary  septa  is  not  so  broad, 
and  the  septa  are  neither  so  numerous  and  do  not  extend  so  far 
into  the  centre  of  the  corallum;  and  I  have  great  pleasure  in 
naming  it  in  honour  of  Professor  H.  N.  Moseley,  F.R«S.,  ^fec, 
whose  **  Memoirs  on  the  Corals  of  the  OuMenger  Expedition"  have 
contributed  so  much  to  our  knowledge  of  MiUeponE^  and  of  the 
structure  of  the  Stylasteridfe. 

CyclophyUum  vesicularum,     Thomson.     Sp.  nov. 

Plate  III.,  Fig.  13  and  13a. 

Specijic  Characters. — Corallum  simple,  conical,  and  curved. 
The  opitheca  is  thin,  and  the  outer  ends  of  the  primary  septa  are 
visible  through  the  thin  epithecal  covering,  and  it  is  marked  with 
encircling  lines  and  irregular  and  shallow  annulations  of  growtL 
The  calice  is  deep  and  thin  around  the  periphery,  and  the  upper 
margin  of  the  tubular  columella  is  slightly  raised  above  the  floor 
of  the  calicular  cavity.      The  septa  are  bilamellar  for  three-fourths 
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of  their  length  from  their  inner  ends,  and  single  and  thin  around 
the  peripheral  zone.  Thei'e  are  seven  interlamellar  plates  in  th(i 
space  of  a  line,  which  ai^e  the  cut  ends  of  the  interlamellar  strise, 
which  are  exposed  in  a  longitudinal  section,  converging  inwards 
and  downwards.  The  septa  are  numerous  and  delicate.  There  are 
sixty-six  primary,  alternating  with  an  equal  number  of  secondary 
septa.  The  latter  extend  inwards  from  the  periphery  for  fully  the 
half-length  of  the  primary,  and  all  are  united  by  rectangular  inter- 
septal  dissepiments.  These  are  numerous  in  the  outer  ("intersep- 
tal")  half,  and  sparse  in  the  intermediate  (" interlocular")  area.  The 
central  ("oolumellarian")  areais  broad,  and  exhibits  the  cut  ends  of 
irregular  and  dense  endothecal  tissue.  The  wall  is  composed  of 
convex  cells,  convexity  pointing  outwards,  and  united  to  the  inner 
ends  of  the  primary  septa  by  a  ^tem  of  angular  plates,  which  at 
their  inner  ends  curve,  fold  round,  and  clasp  the  endotheca. 
Around  the  inner  margin  of  the  wall  there  is  a  cydum  of  minute 
septa.  These  converge  inwards,  coalesce,  and  present  a  more  or  less 
fasciculate  aspect,  and  the  central  septum  of  each  fascicle  converges 
inwards  to  the  centre,  and  all  are  united  by  minute  and  dense 
endothecal  tissue,  and  present  a  dense  vesicular  structure  in 
the  centre  of  the  central  area.  There  are  three  irregular  flexuous 
plates  extending  across  the  centre  of  the  columella.  The  fossula  is 
large,  and  one  of  the  primary  septa,  a  third  of  the  length  of  the 
others,  extends  into  it 

Height  of  corallum,  2|  inches ;  diameter  of  calice,  1  inch  and 
2  lines. 

Formation,  Carhonifei*ou8 ;  Locality. — Found  in  the  band  of 
shale  that  overlies  the  lowest  bed  of  limestone  in  Petershill  QuaiTy, 
near  Bathgate,  Linlithgowshire. 

This  species  differs  from  Cy.  Carpentariaiium,  its  nearest  ally, 
by  the  form  and  arrangement  of  the  central  area.  It  is  neither  so 
broad,  and  the  endothecal  tissue  is  no^t  so  dense,  and  the  septa  are 
not  so  numerous. 

Genus  Aulophyllum.     Edwards  and  Haime. 

Generic  Characters, — Coi*allum  simple,  variable  in  height, 
conical,  cylindro-conical,  and  curved.  The  epitheca  is  thin,  with  fine 
encircling  lines  and  annulations  of  growth.  Calico  deep.  In  some 
forms  it  is  thin  around  the  periphery,  in  others  they  are  more  or 
less  everted,  exhibiting  in  the  centre  of  its  floor  a  cup-shaped 
projection  (Fig  2  a);  its  wall  is  formed  by  a  system  of  curved  plates 
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Thirdly, — There  falls  now  to  be  considered  the  genus  Albert i^  '*'' 
in  respect  of  which  the  only  point  which  calls  for  special  rema^  '^^ 
is  the  arrangement  of  the  central  area.     In  the  genus  Albert^^^^ 

like  that  of  the  genus  A  ulophyllum,  there  is  a  depression  in  t ""^ 

centre  of  the  columellarian  area ;  it,  however,  never  assumes  tK'  -^^^ 
cup-shaped  aspect  of  the  latter,  and  there  is  no  cylindrical  tul  '-  "^^^ 
and  the  central  area  is  occupied  by  a  system  of  lamellae,  whia^  -■^** 
extend  inwards  from  the  inner  margin  of  the  primary  septa,  ai 
stop  short  of  the  centre,  and  ai*e  attached  to  the  outer  margin  • 
the  depression  or  shallow  cup  in  the  centre  of  the  floor  of  tl. 
calice.  The  walls  of  the  central  depression  are  formed  of  couca\. 
tabular,  which  converge  inwards  and  downwards,  the  centre 
which  in  a  longitudinal  section  (PI.  4,  Fig.  1  la)  is  seen  to  consit==^^-^^ 
of  minute  ti-ansvei-se  tabulse.  The  chief  features  that  distinguis  -^^*^ 
the  genus  Anlophyllu7n  is  the  superior  extremity  of  the  coralluuw  ^**» 
presenting  in  outline  the  form  of  a  double  cup.  In  the  genu  ^^^ 
Albertia,  the  calices  are  shallow  and  more  or  less  everted,  and  th^^  -^^ 
superior  extremities  of  the  verticle  lamellae  are  conspicuous,  rounc^^^ 
in  outline,  and  irnigular  in  arrangement  —  a  very  marked  dis-- 
tinction. 

It  will  thus  be  seen  that  the  above  marked  characters  of  th( 
central  area  an?  sufficiently  distinct  to  warrant  the  establishmenfc:^:^''^ 
of  the  group  into  a  distinct  genus,  as  the  more  I  investigate  the^ 
corals  of  the  carboniferous  rocks,  the  more  I  am  persuaded  that  it 
is  only  in  the  structure  of  the  central  area  that  there  is  any 
clas-sificatory  value  for  either  generic  or  specific  distinction. 

AtdophyUtim  PatAckianum.     Thomson.     Sp.  no  v. 

Plate  IV.,  Figs.  1  and  1a. 

Specific  Characters. — Coral lum  tall,  imperfect,  cylindrical,  and 
curved.  There  is  a  portion  of  the  lower  extremity  wanting,  and 
I  am  therefore  unable  to  say  how  it  terminates.  The  epitheca  is 
moderately  stout,  and  there  is  irregular  encircling  lines  and  broad 
shallow  annulations  of  growth.  The  calice  is  wanting.  There  are 
eighty-two  primary  septa.  They  are  bilamellar  for  three-fourths 
of  their  length  from  their  inner  ends.  In  the  outer  area  they  are 
single,  delicate,  and  more  or  less  iiexuous.  There  is  an  equal 
number  of  minute  secondary  septa,  which  are  hardly  recognisable^ 
and  all  are  united  by  irregular  angular  interseptal  diasepimenta 
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There  are  ten  interlamellar  plates  in  the  space  of  a  line,  which,  in 
a  longitudinal  section,  are  seen  to  extend  inwards  and  downwards. 
The  central  area  is  eleven  lines  in  diameter,  exliibiting  the  cut  ends 
of  the  lamellae,  which  extend  from  the  inner  ends  of  the  primary 
septa  and  converge  inwards  along  the  superior  face  of  the  tabulse, 
and  stop  short  near  the  centre,  and  expose  the  tabular  in  the  centre 
of  the  central  area.  The  septal  fossula  is  large,  and  two  of  the 
primary  septa,  one-third  of  the  length  of  the  others,  extend  into  it. 

The  longitudinal  section  is  triareal.  The  centre  area  is  occupied 
with  delicate  and  dense  tabula?,  and  at  several  parts  there  is 
exposed  a  few  discontinuous  lamellar  plates,  arising  from  the  fact 
that  the  corallum  is  curved,  and,  in  consequence  of  the  curvature, 
the  section  is  cut  more  or  less  diagonally,  thereby  exhibiting  the 
lamellae.  The  wall  of  the  central  area  is  composed  of  ascending 
convex  plates,  convexity  pointing  outwards,  and  at  their  inner 
ends  these  rest  upon  the  tabulae,  which  bend  downwards  into  the 
floor  of  the  broad  flat  cup.  The  floor  of  the  visceral  cavity  is  occu- 
pied by  flat  tabulae  in  the  centre.  In  the  intermediate  ("interlocu- 
lar")  area  there  are  convex  tabulu3,  the  convexity  being  upwards  and 
outwards.  The  outer  (^'interseptal")  area  is  broad,  and  exhibits 
irregular  convex  cellular  tissue,  the  convexity  being  upwards  and 
inwaitls,  and  arranged  in  oblique  rows. 

Height  of  corallum,  imi)erfect.  The  portion  I  have  is  6  inches 
long ;  diameter  of  section,  2  inches  and  3  lines. 

FomuUion,  Carboniferous  ;  Locality. — Found  in  the  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  in  Langside  Quarry,  near 
Beith,  Ayrshire. 

This  s^iecies  may  be  said  to  be  a  titinsitional  from  between  the 
genus  Albertia  and  that  of  AulaphyUum,  It  is  allied  to  Alheriia 
by  the  possession  of  a  system  of  lamellae  in  the  central  area  It, 
however,  diflers  from  A  Ibertia  by  the  fact  that  the  lamellae  do  not 
intersect  the  tabulae,  while  in  Albertia  the  lamella  extends  from 
the  superior  to  the  inferior  part  of  the  corallum ;  and  the  tabulae 
never  extend  across  the  central  area,  but  are  more  or  less  inter- 
sected by  the  vertical  lamellae,  and  the  centre  of  the  central  area 
is  more  or  less  closed  in  by  a  series  of  down-curved  plates,  and 
exposes  loose  vesicular  tissue  in  tlie  centre  of  the  \'isceral  chamber; 
while  in  AulophyUum  the  tabulae  are  seen  to  extend  more  or  less 
across  the  centre  of  the  visceral  chamber  in  the  longitudinal 
section,  and  in  a  transverse  section  the  superior  face  of  the  tabulae 
is  always  exposed  in  the  centre  of  the  central  area,  and  therefore 
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this  coral  possesses  characters  which  unite  it  to  the  genus  AtUo- 
phyUwm.  It  gives  me  great  pleasure  in  naming  it  in  honour  of 
R.  Cochran-Patrick,  Esq.,  M.P.,  LL.D.,  F.A^S.,  a  gentleman  who 
has  done  good  work  in  interpretating  the  archaeological  treasures 
of  Ayrshire,  and  a  member  of  the  family  to  whom  the  estate 
belongs  in  which  I  have  found  many  varieties  of  the  corals,  not 
only  of  those  referred  to  in  the  present  communication,  but  also 
many  that  have  been  described  in  my  former  papera  A  considerable 
number  from  the  same  property  have  yet  to  be  examined. 

AulophyUum  fungitea,     Edwards  and  Haime. 

Plate  IV.,  Fig.  2. 

Specific  Characters. — Corallum  simple,  moderately  tall,  cylindro- 
conical,  and  curved.  The  epitheca  is  stout,  and  marked  with 
broad  encircling  lines  and  irregular  annulations  of  growth.  The 
calice  is  imperfect.  There  are  sixty-eight  primaiy,  alternating 
with  an  equal  number  of  secondary  septa.  The  latter  extend 
inwards  for  half  the  length  of  the  primary  septa.  All  are  united 
by  interseptal  dissepiments,  which  are  irregular  and  angular  near 
the  inner  ends  of  the  secondary  septa,  and  in  the  outer  area  around 
the  periphery  they  are  rectangular,  and  sparse  in  the  interlocular 
area.  The  primary  septa  are  bilameUar  for  three-fourths  of  their 
length  from  the  inner  ends,  and  single  in  their  outer  margins.  There 
are  eleven  interlamellar  plates  in  the  space  of  a  line,  which  in  the 
longitudinal  section  are  seen  to  extend  inwards  and  downwards, 
where  the  interlamellar  space  is  exposed,  and  where  the  section  is 
more  or  less  diagonal,  arising  from  the  curvature  of  the  corallum. 
The  central  area  is  sub-spherical  and  acuminate  opposite  the  septal 
fossula.  The  wall  is  composed  of  irregular  lenticular  convex  ceUs, 
convexity  pointing  outwards,  and  is  united  to  the  inner  ends  of 
the  primary  septa  by  the  intervention  of  a  system  of  angular 
plates,  which  at  their  inner  ends  fold  and  clasp  round  the  wall  of 
the  columella.  Around  the  inner  margin  of  the  endotheca  there 
is  a  cycle  of  irregular  short  septa.  These  coalesce,  and  extend 
inward  along  the  upper  face  of  the  tabulse,  and  stop  short  of  the 
centre,  and  the  tabulse  which  fonn  the  floor  of  the  visceral  chamber 
are  exposed  in  the  centre  of  the  central  area,  and  the  cut  margins 
of  several  of  the  successive  tabulae  are  exposed  around  the  centre, 
arising  from  the  section  passing  transversely  through  the  convex 
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tabulse.  The  fossula  is  small.  One  of  the  primary  septa,  three- 
fourths  the  length  of  the  others,  extends  into  it. 

Height  of  corallum,  4  inches ;  diameter  of  calice,  1  inch  and  1 
line. 

FarmaHan,  Carboniferous;  LacalUy, — Found  in  the  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  in  Fetershill  Quarry,  near 
Bathgate,  Linlithgowshire. 

This  is  the  type  specimen  described  by  Dr.  Duncan  and  myself 
in  the  Quarterly  Journal  of  the  Geological  Society,  1867.  A  foe- 
eimile  of  the  structural  details  is  now  for  the  first  time  reproduced 
in  the  accompanying  plate. 

AulophyUum  Edioardeianum.     Thomson.     Sp.  nov. 

Plate  IV.,  Fig.  3. 

Specific  C^iaracters, — Corallum  simple,  short,  turbinate,  and 
much  curved  near  the  lower  extremity.  The  epitheca  is  thin,  and 
the  outer  margins  of  the  primary  septa  are  exposed  through  the 
thin  epitheca.  The  calice  is  (imperfect)  deep.  The  central  area 
is  broad.  The  septa  are  numerous,  and  of  two  orders.  There  are 
eighty  primary,  alternating  with  an  equal  number  of  secondary 
septa.  The  latter  extend  inwards  from  the  periphery  for  half  the 
length  of  the  primary,  and  all  are  united  by  rectangular  inter- 
septal  dissepiments,  which  are  numerous  in  the  outer  zone  and  few 
in  number  in  the  intermediate  ("  interlocular  ")  area.  The  primary 
septa  are  bilamellar  for  four-fifths  of  their  length  from  their  inner 
ends.  In  the  outer  zone,  around  the  periphery,  they  are  single 
and  thin.  There  are  nine  interlamellar  plates  in  the  space  of  a 
line,  which  are  exposed  in  the  longitudinal  section,  converging 
inwards  and  downwards  where  the  interlamellar  space  is  exposed 
in  the  curved  part  of  the  corallum.  The  central  area  is  broad, 
and  the  transverse  section  exposes  its  thin  wall  and  the  septa 
around  its  inner  margin.  The  wall  is  formed  of  convex  plates, 
convexity  pointing  outwards,  and  united  to  the  inner  ends  of  the 
primary  septa  by  the  intervention  of  a  series  of  angular  plates. 
,  The  septa  are  long.  Some  of  them  extend  inwards  from  its  wall 
to  near  the  centre  of  the  visceral  chamber,  and  all  are  united  by 
rectangular  endothecal  tissue.  The  central  space,  where  the 
tabulae  is  exposed,  is  narrow,  and  the  cut  edges  of  the  superimposed 
tabulae  are  exposed  around  its  margin.  The  fossula  is  large,  and 
a  primary  septum,  half  the  length  of  the  others,  extends  into  it. 
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Height  of  corallum,  2 J  inches;  diameter  of  calice,  1  inch  4 
lines. 

Formation,  Carboniferous  ;  Locality, — Found  in  the  band  of 
shale  that  overlies  the  thin  band  of  coralline  limestone  near  the 
base  of  the  marine  deposits  at  Brockley,  near  Lesmahagow, 
Lanarkshire. 

AidophyUxjun  futigites,     Edwards  and  Haime. 

Plate  IV.,  Fig.  4. 

A  longitudinal  section,  to  show  the  double  cup,  the  tabulw  in 
the  central  area,  and  the  deep  calicular  cavity.  The  spaces  where 
the  structure  is  wanting  in  the  interlocular  area,  on  each  side  of 
the  calice,  is  filled  in  with  impure  sedimentary  matter,  and  hence 
obscures  the  structural  characters. 

Avlophyllum  Ilaimeianum,     Thomson.     Sp.  no  v. 

Plate  IV.,  Figs.  5  and  6. 

Specific  CJiaracters. — Corallum  simple,  imperfect,  short,  turbin- 
ate. The  epitheca  is  thin,  and  the  outer  ends  of  the  septal  system 
are  exposed  through  the  epitheca.  The  calice  is  wanting.  The 
primary  septa  are  stout,  and  bilamellar  for  three-fourtlis  of  their 
length  from  their  inner  ends,  and  single  and  thin  around  the 
periphery.  There  are  twelve  interlamellar  plates  in  the  space  of 
a  line.  There  are  fifty-six  primary,  alternating  with  an  equal 
number  of  short  secondary  septa,  and  all  are  united  by  a  narrow 
zone  of  rectangular  interseptal  dissepiments  in  the  outer  area; 
which  in  the  intermediate  ("interlocular")  area  are  few  in  num- 
ber. The  central  area  is  moderately  broad  and  sub-spherical.  The 
wall  is  formed  of  lenticular  convex  plates,  convexity  pointing  out- 
wards, and  is  united  to  the  inner  ends  of  the  primary  septa  by  the 
intei'vention  of  a  system  of  angular  plates.  There  is  a  cyclum  of 
minute  septa  around  the  inner  margin  of  the  periphery;  these 
coalesce,  and  present  a  more  or  less  fasciculate  aspect,  and  the 
central  septum  of  each  fascicle  extends  inwards,  and  is  intercepted 
by  the  cut  margins  of  the  tabulae  near  the  centre.  The  centre  of 
the  central  area  is  occupied  by  the  tabulae,  which  form  the  floor  of 
the  calicular  chamber.  The  fossula  is  moderately  small,  and  a 
primary  septum,  of  shorter  length  than  the  others,  extends  into  it^ 
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and  a  portion  of  the  endothoca  of  the  central  area  extends  to  its 
outer  margin.  Fig.  6  I  regard  as  a  young  specimen  of  the 
same  species. 

Formation,  Carboniferous ;  Locality, — Found  in  the  band  of 
.shale  that  overlies  the  coralline  band  of  limestone,  near  the  base 
of  the  maiine  deposits  at  Brockley,  near  Lesmahs^ow,  Lanark- 
shire ;  and  I  have  mucli  pleasure  in  naming  this  and  the  pre- 
ceding species  in  honour  of  the  two  distinguished  French  palaeon- 
tologists, the  founders  of  the  genus. 

Aulophyllum  Wilnschianum.     Thomson.     Sp.  nov. 

Plate  IV.,  Fig.  7. 

Specific  Cluzra^cters, — Corallum  simple,  short,  turbinate,  and 
much  curved  near  its  base.  The  calice  is  shallow,  its  margin  is 
thin,  and  the  central  area  is  shallow  and  slightly  raised  above  the 
inner  ends  of  the  primary  septa.  The  epitheca  is  thin,  and  the 
outer  ends  of  the  primary  septa  are  exposed  as  longitudinal  ridges 
through  the  thin  epitheca.  The  septa  are  of  two  orders.  There 
ai-e  fifty-six  primaiy,  alternating  with  an  equal  number  of  secondary 
septa.  The  latter  extends  inwards  from  the  periphery  for  half  the 
length  of  the  primary  septa,  and  all  are  united  by  rectangular 
interseptal  dissepiments,  which  are  numerous  in  the  outer  zone 
and  sparse  in  the  intermediate  ("  interlocular")  area.  The  primary 
septa  are  bilamellar  for  five-sixths  of  their  length  from  their  inner 
ends ;  in  the  outer  peripheral  zone  they  are  single.  There  are  ten 
interlamellar  plates  in  the  space  of  a  line,  which  are  the  cut  ends 
of  the  interlamellar  strice.  The  central  area,  as  exposed  in  the 
transvei'se  section,  is  ovate,  and  acuminate  opposite  the  fossula. 
Its  wall  is  composed  of  irregulai'  lenticular  convex  plates,  con- 
vexity pointing  outwards,  and  united  to  the  inner  ends  of  the 
primary  septa  by  the  intervention  of  a  system  of  angular  plates; 
and  around  the  inner  margin  of  its  periphery  there  is  a  cyclum  of 
irregular  and  sparse  septa.  Some  of  these  are  more  or  less  sinuous, 
and  converge  inwards  to  near  the  centre  of  the  centi'al  area,  and 
all  are  united  by  endothecal  tissue  of  varied  aspect  and  density. 
The  fossula  is  small,  and  a  septum,  of  half  the  length  of  the  others, 
extends  into  it. 

Height  of  corallum,  2  inches ;  diameter  of  section,  1  inch. 

Formation,  Carboniferous;  Locality, — Found  inbedded  in  the 
brecciated  conglomerate   that  is  interstratified  between   the  red 
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sandstone  at  the  Cock  of  Arran — regaixling  the  age  of  which 
several  of  the  authors  that  have  described  the  sections  of  the 
northern  end  of  Arran  are  not  agreed.  Some  regard  the  sandstone 
and  conglomerate  of  the  northern  point,  or  Cock  of  Arran,  as  of  old 
red  sandstone  age ;  whilst  others  have  recorded  it  as  of  Permian 
age.  The  discovery  of  this  coral,  and  a  considerable  number  of 
other  well-authenticated  carboniferous  fossils,  establish  beyond 
doubt  that  these  rocks  were  deposited  posterior  to  the  deposition 
of  the  marine  series  of  the  carboniferous  system.  My  own  con- 
viction is,  that  they  are  the  equivalents  of  the  millstone 
grit.  Kocks  of  a  similar  colour  and  composition — and  their 
superposition  to  the  inferior  marine  series  has  a  striking  identity — 
are  well  exposed  along  the  coast  line  to  the  south  of  Dunbar, 
Haddingtonshire.  A  detailed  description  of  the  sections,  and  a 
list  of  the  fossils  found,  not  only  in  the  breccia,  but  also  in  some 
of  the  different  horizons,  with  illustrations,  will  be  published  at 
no  distant  date.  Meanwhile,  I  have  the  greatest  pleasure  in  naming 
this  species  in  honour  of  my  old  and  valued  friend,  Edward  A. 
Wtinsch,  F.G.S.,  who  accompanied  me  when  I  made  the  discover}* 
of  the  carboniferous  fossils  in  the  breccia,  and  also  on  many  other 
occasions  when  investigating  the  north  shore  line  of  Arran.  I 
have  found  this  same  species  in  the  shale  that  overlies  the  lowest 
bed  of  limestone  in  Corrie  Mines,  Arran. 

AuUyphyllum  impingeum,     Thomson.     Sp.  nov. 

Plate  IV.,  Fig.  8. 

Specific  Characters. — Corallum  simple,  moderately  tall,  cylin- 
drical, and  curved.  The  epitheca  is  stout,  and  marked  with 
encii'cling  lines  and  shallow  annulations  of  growth.  The  calice  is 
wanting.  The  septa  are  delicate  and  numerous.  There  are  aixty- 
eight  primary,  alternating  with  an  equal  number  of  seoondary 
septa,  and  all  are  united  by  minute  and  rectangular  interseptal 
dissepiments,  which  are  dense  in  the  outer  zone  and  few  in  number 
in  the  intermediate  ('*interlocular'')  area.  The  central  area  is 
oblong,  and  its  wall  is  formed  by  lenticular  convex  plates,  con- 
vexity pointing  inwards,  and  united  to  the  inner  ends  of  the 
primary  septa  by  a  system  of  large  and  angular  plates.  There  is 
a  cyclum  of  minute  septa,  which  converge  from  the  inner  margin 
of  the  endotheca,  and  near  their  inner  ends  coalesoe,  and  sevinal 
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of  them  impinge  upon  the  tabulae  in  the  centre  of  the  central  area, 
and  all  are  united  by  rectangular  endothecal  dissepiments,  which 
are  few  in  number.  The  fossula  is  short,  and  broad  at  its  inner 
margin,  and  two  of  the  primary  septa,  fully  half  the  length  of  the 
others,  extend  into  it 

Height  of  corallum  (imperfect),  4  inches ;  diameter  of  section, 
1  inch  and  3  lines. 

FomuUion,  Carboniferoua  ;  Locality. — Found  in  the  band*of  shale 
that  overlies  the  lowest  bed  of  limestone  in  Petershill  Quarry,  near 
Bathgate,  Linlithgowshire. 

This  species  differs  from  all  the  other  species  of  the  genus  by 
the  form  and  arrangement  of  the  columellarian  area.  The  septa 
and  the  endothecal  dissepiments  are  fewer  in  number,  and  several 
of  the  septa  impinge  upon  the  tabulae  in  the  centre  of  the  central 
area. 

AulophyUum  expaneum.     Thomson.     Sp.  nov. 

Plate  IV.,  Fig.  9. 

Specific  Characters, — Corallam  simple,  short,  turbinate,  and 
carred,  and  expands  to  an  unusually  bioad  calioe.  The  epitheca  is 
fltout^  and  marked  with  encircling  lines  and  irregular  and  shallow 
aimulations  of  growth.  The  calioe  is  broad  and  deep,  and  th(^ 
central  cup  projects  prominently  above  the  inner  ends  of  the 
primaiy  8ept&  The  septa  are  numerous,  and  bilamellar  for  three- 
fourths  of  their  length  from  their  inner  ends,  and  around  the  outer 
area  they  are  single  and  thin.  There  are  nine  interlamellar  plates  * 
in  the  space  of  a  line,  which  are  the  cut  ends  of  the  interlamellar 
striie.  There  are  sixty-two  primary,  alternating  with  an  equal 
nninbflr  of  secondary  septa.  The  latter  extend  inwards  from  the 
periphery  for  fully  the  half  length  of  the  primary  septa,  and  all  are 
united  by  rectangular  interseptal  dissepiments  in  the  outer  zone, 
and  by  angular  dissepiments  in  the  region  of  the  inner  ends  of  the 
secondary  septa.  In  ihe  intermediate  (*^  interlocular  ")  area  they 
are  few  in  number.  The  wall  of  the  central  area  is  composed  of 
lenticular  plates.  Some  of  these  are  unusually  large,  and  are  united 
to  the  inner  ends  of  the  primary  septa  by  a  system  of  curved 
plates,  which  at  their  inner  ends  curve  and  fold  round  the 
endotheca.  There  is  a  cyclum  of  dense  and  minute  dissepiments 
extending  inwards  from  the  wall  for  a  line ;  they  are  then  inter- 
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cei)teil  by  a  zoue  of  vesicular  tissue,  which  extends  inwards  to  near 
tlie  centre  of  the  central  area. 

Height  of  coralluiu,  2  inches  ;  dianeterof  calice,  1  inch  4  lines. 

Formation,  Carboni/eroug ;  Localiiy. — Found  in  a  band  of 
impure  limestone,  largely  made  up  of  corals,  a  few  feet  above  the 
lowest  bed  of  limestone  in  Charleston  Quarry,  FJfeshire. 

This  species  differs  from  the  preceding  species  by  the  form  and 
iirrangement  of  the  central  area.  It  is  stnaUer  in  outline,  and 
acuminate  opposite  the  septJil  fossula,  and  the  groove  uromid  the 
i.'olumella  is  broader,  and,  by  the  presence  of  the  zone  of  reticulate 
tissue,  which  intercepts  the  inward  extension  of  the  minute  septa, 
iind  the  limited  exposure  of  the  tabids  in  the  centre  of  thecentnl 
area,  may  be  regarded  as  a  passage  form  between  this  genus  and 
that  of  the  genus  Cijclophyllwii. 

Family  Cyathopiivllidia. 

( icnUH  Clisiophylkun.     Dana. 
Fig.  3. 


<Jenin-ic  Ckaraclers. — Corallum  simple,  tnrbitute,  or  oono- 
cylindrical,  and  curved.  The  cpitheca  is  of  variable  thiokiM«i 
and  marked  with  minute  cremilate  encircling  lines  and  imgokr 
annulations  of  gi'owth.     Calice  variable  in  d^th,  and  exhibita 
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in  the  centre  of  its  floor  a  conical  boss.     The  surface  of  the  boss 
presents  a  system  of  lamellae,  which  in  some  forms  are  more  or  less 
spirally  bent;  whilst  in  others  they  are  straight,  and  are  attached 
to  the  inner  ends  of  the  primary  septa  by  the  intervention  of  a 
system  of  delicate  curved  dissepiments,  and  extend  inwards  and 
upwards  to  the  median  columellar  crest  on  the  crown  of  the 
boss,  and  each  is  united  by  intermellar  dissepiments.     The  septa 
are  well  developed  and  of  two  orders.     The  primary  septa  never 
extend  further  inwards  than  near  to  the  outer  margin  of  the 
central  boss,  and  in  a  transverse  section  exhibit  laminse  for  about 
three-fourths  of  their  length  from  their  inner  ends,  while  towards 
the  periphery  they  are  single,  thin,  and  more  or  less  flexuous. 
The  interlamellar  space  is  occupied  by  minute  transverse  granular 
plates,  in  number  from  six  to  sixteen  in  the  space  of  a  line  (Fig. 
3a),  which  in  a  longitudinal  section  are  seen  to  pass  inwards  and 
downwards  along  the  iimer  face  of  the  lamina\     The  secondary 
septa  are  of  variable  length;  in  some  forms  they  reach  inwards 
fully  a  half  of  the  length  of  the  primary  septa,  whilst  in  others 
they  are  considerably  shorter.     They  are  united  by  interseptal  dis- 
sepiments, which  are  few  in  number  near  the  inner  ends  of  the 
primary  septa  and  more  or  less  numerous  in  the  external  area,  where 
they  form  a  more  or  less  dense  vesicular  tissue.     The  walls  of  the 
septa,  the  lamella?,  and  the  interseptal  tissue,  consist  of  two  layers 
— the  inner  dense  and  granular,  the  outer,   also  granular,  but 
much  less  dense.     The  fossula  is  variable  in  size  in  the  different 
varieties,  but  usually  well  marked. 

The  longitudinal  section  (Fig.  3b)  is  triareal.  The  middle  of  the 
oentral  area  there  is  a  median  line  which  extends  from  the 
inferior  to  the  superior  extremity,  and  presents  a  crest  on  the 
crown  of  the  conical  boss  in  the  centre  of  the  calicular  cavity.  On 
each  side  of  the  median  line  there  is  a  system  of  vesicular  tabular, 
which  are  directed  upwards  and  inwards  to  join  in  the  columel- 
larian  Una  Intermediate  area  ("  interlocular  space  ")  is  occupied 
by  an  outward  extension  of  the  tabulae  in  large  convex  vesicles. 
External  area  (*' interseptal  space'')  is  occupied  by  convex  vesicular 
tissue,  convexity  pointing  upwards  and  inwards,  and  arranged  in 
oblique  rows. 

As  regards  the  relationships  of  the  genus  Clisiophyllum,  in 
the  general  features  the  external  aspects  present  characters  by 
which  it  may  be  readily  distinguished  from  its  near  allie& 

Professor    James    Dana's    original    definition    of    the    genus 
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OUtiophyilu/Tn  is  as  follows  {American  Jottmai  of  Science,  vol.  i., 
second  edition): —  Fig.  4. 

"  Transverse  septa  converg- 
ing upward  into  an  axial  tine. 
Quite  simple,  ramose  ov 
aggregatoglomerate.  Coral- 
lum  having  the  cells  radiate  ; 
texture  internally  at  middle 
consisting  of  septa  and  cellules 
converging  upward,  but  with- 
out a  distinct  axis ;  texture 
exterior  to  this  middle  portion 
cellular." 

This  genua  includes  many 
of  the  so-called  CyathophyUa, 
both  simple  and  massive 
species.  In  internal  structui-e 
they  resemble  the  Miehelini<E, 

but    differ     in     having     the       _,  ■      =  -        ,- 

°  Ihe  accompany ing  figure   u  a  JM- 

Structure  small ;  cellular  ex-  „„,jfe  „f  the  upper  half  of  tho  origiwl 
t«rior  to  the  central  convergent  woodcnt  that  accompaoied  Prof.  Dana'* 
portion.     The  bottom  of  the    paper. 

cell  has  usually  a  pointed  conical  prominence,  proceeding  from  the 
character  of  the  septa  within,  and  about  thb  centre  the  lamelitt 
sometimes  appear  twist«d.  These  apociea  with  twisted  lamelhe 
may  constitute  in  part  the  genua  Strotnbodei,  as  this  name  is  used 
by  Phillip  and  Lonsdale.  The  name  is  from  the  Greek  kKujU, 
(a  tent),  and  alludes  to  the  A-like  figures  which  are  made  by  the 
converging  lamellte  about  the  centre,  as  seen  in  a  vertical  sectioa" 
The  distinguished  author  accompanies  his  description  with  tvo 
woodcuts. 

The  one  represents  OUfiophyllum  proper,  and  exhibita  structure 
similar  to  PI.  V.,  Fig.  5a;  the  other  is  from  a  massive  asteroeid 
species. 

From  the  above,  the  distinguished  American  pakeontolog^  rests 
generic  distinction  upon  (1)  the  conical  boss  in  the  centre  of  the 
calicular  cavity;  (3)  the  central  lamellie,  which  in  some  forms  appear. 
twisted  ;  (3)  the  converging  tissue,  which  in  a  longitudinal  seetioD 
is  seen  to  pass  into  the  central  rod ;  (4)  ramose  forms,  which  he 
refers  to  the  asterceid  species  ;  (5)  the  septa  extending  into  Uw 
central  axis.      Begarding  the  first  of  these  chantcten,  I  hare 
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numerous  specimens  containing  the  conical  boss  in  the  centre  of 
the  calice  (PL  Y.,  Fig.  1).  As  regards  the  second  character,  the 
central  lamellffi  are  always  present  in  the  Scottish  specimens,  and 
of  varied  number  and  arrangement  I  regard  their  number  and 
arrangement  as  the  special  point  of  interest  in  specific  diagnoses. 
As  regards  ihe  third  pointy  the  interlamellar  tissue  is  well 
exposed  in  longitudinal  sections  (PL  Y.,  Figs.  2a,  5a),  and  in 
PL  YLy  Figs.  1a,  2a,  Sa,  and  5a,  from  which  it  will  be  seen 
that  the  deositj  of  the  endothecal  tissue  varies  in  proportion 
to  tiie  number  and  arrangement  of  the  lamellae  of  the  central  area. 
As  to  the  fourth  pointy  I  am  not  aware  of  a  compound  or  ramose 
yatietj  having  been  discovered  in  British  strata.  There  is,  how- 
ever, the  genus  Lonadalia  (M'Ooy),  in  which  a  conical  boss  is 
always  present  in  the  centre  of  the  calice,  which,  if  in  uncut 
specimens,  mi^t  be  grouped  with  the  simple  forms  of  Clisio- 
phylium,  I^  however,  there  is  a  transverse  section  made,  the 
lamellfle  are  seen  to  pass  from  the  inner  ends  of  the  primary  septa, 
as  in  the  latter ;  but  in  Lonadalia  the  primary  septa  never  extend 
to  the  periphery.  They  are  intercepted  by  a  zone  of  vesicular  tissue, 
which  is  more  or  less  dense,  and  gemmation  is  calicular,  characters 
which  have  been  regarded  as  of  sufficient  value  to  warrant  generic 
distinction,  and  therefore  cannot  be  included  in  the  genus  Ciisio- 
phyUutn,  As  regards  the  fifth  point,  I  have  not  discovered  a 
single  form  belonging  to  this  group  in  which  the  septa  extends 
into  the  centre  of  the  calicular  cavity,  and  in  all  the  forms  that 
I  have  examined  amongst  the  types  of  M.  Edwards  and  J.  Haime, 
in  Paris,  London,  and  Bristol,  as  also  those  in  the  Cxeological 
Survey  Collection  in  Dublin,  in  no  instance  have  I  found  the 
septa  continuous  from  the  periphery  to  the  central  axis.  In  some 
forms,  however,  if  the  specimen  has  not  been  sectioned  trans- 
versely, it  is  possible  that  these  eminent  authors  may  have  been 
misled,  from  the  fact  that  the  vesicular  tissue  that  intersects  the 
lamellae  is  minute,  and  therefore  the  lamellae  approaches  so  close 
upon  the  inner  ends  of  the  primary  septa  that,  unless  the  specimen 
is  sectioned,  it  is  all  but  impossible  to  detect  the  intersecting 
tissue — a  isjct  that  I  was  not  aware  of  till  I  had  made  sections. 
It  is,  however,  possible  that  ramose  forms  may  be  discovered ; 
meanwhile,  with  our  present  knowledge,  I  cannot  include  com- 
pound forms  in  the  genus  ClisiophyUum, 

Milne  Edwards  and  J.  Haime  defined  the  genus  ClisiophyUum 
{Brit.  Fo88,  Cor,,  Inirod.,  p.  Ixx.,  1850)  as  follows  : — "  Corallum 
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simple,  turbinate.  Septa  well  developed,  and  rising  towards 
the  centre  of  the  calice,  so  as  to  form  a  spurious  columella, 
but  not  twisted."  Subsequently  (Pal.  Foss,  des  Terr.  PaJ.,  p. 
409)  they  extended  their  preWous  definition,  whilst  preserving 
its  essential  features,  and,  in  particular,  retaining  the  erroneous 
view  that  the  sub-convolute  lamina;  of  the  central  area  are 
the  inner  ends  of  the  primary  septa,  the  species  which  they 
select  as  the  type  of  the  genus  (viz.,  Clis.  Danaianum)  is  stated 
to  possess  a  large  fossula, — a  very  unusual  character  in  this 
genus. 

Professor  M'Coy  (Brit.  Pal.  Foss.,  p.  33,  1851)  defined  the 
genus  Clisiophyllum  as  follows  : — "  Corallum  simple,  branched  or 
aggregate,  with  vertical  radiating  lamellae;  a  thin  epitheca  or 
outer  wall ;  internal  structure  (vertical  section)  central  area 
composed  of  small  vesicular  plates  and  cells,  converging  or  arching 
upwards  towards  the  centre,  so  as  to  form  a  conical  boss  in  the 
cup ;  separation  between  these  areas  formed  by  an  intermediate 
area  of  larger,  nearly  horizontal  cellular  structure ;  (horizontal 
section)  a  large  central  area  of  small,  irregular,  cellular  texture, 
from  which  the  primary  lamellae  radiate  to  the  outer  walls; 
intermediate  zone  with  few  vesicular  plates  between  the  lamellse ; 
outer  zone  having  the  primary  and  secondary  lamellie  connected 
by  very  numerous  vesicular  plates."  It  will  thus  be  seen  from 
the  above,  that  M'Coy  has  represented  most  of  the  essential 
character  in  the  structure  of  Clisiophyllum.  More  especially 
has  he  the  merit  of  clearly  defining  the  tiiareal  structure  of  the 
genus.  Tlie  chief  defects  of  his  definition  lie  in  his  supposition 
that  the  ascending  lamellae  of  the  central  area  are  truly  the 
septa,  and  in  his  not  having  detected  the  constant'  presence 
of  a  columellarian  line  in  the  centre,  and  repeating  the 
opinion  stated  by  Dana — viz.,  that  the  corallum  was  branched 
or  aggregate. 

Mr.  Billings  {Can.  Jounial  for  March,  1859)  defined  the  genus 
as  follows : — "  The  corals  of  this  genus  have  the  same  general 
external  form  as  those  of  the  genus  ZaphrerUis,  and  their  internal 
structure  is  also  the  same,  except  that  the  transverse  diaphragms 
are  elevated  in  the  centre,  so  as  to  form  a  small  conical  protuber- 
ance in  the  bottom  of  the  cup,  aiid  further,  they  are  enveloped  in 
an  outer  area  composed  of  vesicular  tissue.  The  septal  fossette  is 
small,  and  in  worn  specimens  its  place  is  often  indicated  by  the 
prominence  of  one  of  the  septa  on   the  outside,   whidi,  being 
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stronger  than  the  others,  forms  a  longitudinal  angular  ridge.  The 
cells  of  the  tissue  which  fills  the  outer  area  slope  upwards  and 
outwards." 

The  definition  of  the  genus  CUsiophyUum  given  by  Prot  De 
Koninck  {Anim,  Fosa.  Nouv.  JRechercJies,  prem.  partie,  p.  39, 
1872)  is  in  most  respects  similar  to  that  given  by  M.  Edwards 
and  J.  Haima  The  septa  are  described  as  extending  to  the  centre 
of  the  calice ;  and  the  columellar  plate  is  stated  to  be  a  prolonga- 
tion of  the  principal  septa. 

A  similar  view  of  the  structure  of  the  genus  is  given  by 
Dybowski  (Mon,  der  Zoanth.  Scier,  rug.,  p.  82,  1873).  He, 
however,  places  Clisiophyllum  in  the  neighbourhood  of  Litho- 
sirocioUy  and  defines  it  as  having  septa  which  closely  embrace  a 
freely  projecting  columellse,  and  elevate  themselves  to  form  collec- 
tively an  eminence  in  the  centre  of  the  calice. 

The  different  definitions  that  have  been  recorded  by  these 
authors  evidently  have  arisen  from  the  feet  that  they  have  relied 
upon  external  aspects  for  their  identification,  and  in  some  instances 
isolated  forms  have  been  described,  and  not  unfrequently  have 
both  genera  and  species  been  described  with  no  other  warrant  than 
merely  apparently  related  external  aspects ;  and  in  other  instances 
characters  have  been  assigned  that  liave  no  bearing  upon  the 
structural  characters  upon  which  the  genus  ClisiophyUum  was 
established.  It  is  one  thing  to  give  a  name  to  a  species  and  quite 
another  thing  to  investigate  the  structural  details  upon  which 
either  genera  or  species  have  been  founded.  If  the  essential 
character  of  a  genus  consists  in  the  typical  form  of  its  representa- 
tive, it  becomes  a  scientific  problem  in  paleontology  to  ascertain 
what  are  the  stnictural  features  that  determine  their  distinctive 
characters,  and  I  hold  that,  to  define  a  genus  correctly,  it  is  not 
sufficient  to  describe  the  mere  outline  of  its  representatives,  but  it 
is  indispensible  to  point  out  the  structural  details  which  determine 
the  particular  genus  and  characteristics  of  the  family  under  con- 
sideration. Now,  if  either  of  these  authors  had  studied  the  struc- 
tural details  in  properly-sectioned  specimens,  they  might  havt^ 
recognised  the  true  position  of  their  forms  in  any  proper  system 
of  classification.  What  is  wanted  is  a  detailed  knowledge  of  the 
genus,  a  large  number  of  sectioned  specimens,  and  a  knowledge  of 
the  sedimentary  deposits  they  are  found  in.  With  such  aids  the 
definition  becomes  comparatively  easy.  Then  we  may  become 
acquainted  with  many  closely-allied  species  in  either  of  the  genera, 
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leading  by  their  near  affinities  to  a  deara-  perception  of  their 
generic  relations. 

The  genus  Clisioph^um  is  broadly  separated  from  ZapkretUigj 
as  defined  by  Billings,  by  the  po68eaBi<Hi  of  a  conical  boss  in  the 
centre  of  the  calice,  a  colamellarian  line  extending  from  the 
inferior  to  the  superior  extremity  of  the  corsllnmy  and  by  the 
convex  vesicolar  tissae  that  is  seen  in  the  broad  ccdnmellarian  area, 
and  the  intersection  of  the  lamells  of  the  central  area  from  the 
inner  ends  of  the  primary  septa ;  while  in  ZapkraUis  the  septa 
ooiiTerge  inwards,  coalesce,  and  a  portion  extends  into  the  centre 
of  the  calice,  and  fold  roond  and  form  the  walls  of  the  fossnla. 
F^rom  LithogtroeiaHy  as  defined  by  Dybowski — ^in  the  latter  the 
columella  intersects  a  complete  system  of  rectangular  tabulc — and 
from  the  fact  that  the  corallum  is  always  compound,  whilst  it  is 
simple  in  CligiophyUwm. 

The  genus  Clisiophyllum  is  more  or  less  related  to  the  genera 
LonMdaliOj  Aspidiophyllumy  Dibunopht/Uum^  RhodapkyUum^  and 
Cymatiophyllunu      From  Lonsdalia  (M^Coy)  it  is  separated  by 
the  totally  different  arrangement  of    the  septal    system.      In 
the  latter  they  stop  short,  and  are  intersected  from   the  peri- 
phery by  a  zone  of  vesicular  tissue,  which  is  more  or  less  dense 
around  the  periphery,  and  is  always  compound,  and  gemmation 
is  always  produced  by  a  rupture    of   the  theca,   at  the  lip  of 
the  calice,  and  is  therefore  more  or  less  lateral;  and  thus  the 
parent  and  the  young  coralet  grow  side  by  side,  and  therefore 
form  compound  masses.     From  AspidiophyUum  (PL  VJLL,  ¥\g,  7 
and  7a),  it  is  clearly  separated.     In  the  latter  there  is  no  median 
line  extending  from  the  inferior  to  the  superior  extremity  of  the 
corallum,  and  the  centre  of  the  corallum  is  occupied  by  more  or 
less  discontinuous  vertical  plates,  which  are  united  by  more  or  less 
concave  tabula?,  and  the  boss  in  the  floor  of  the  calice  is  always 
helmet-shaped.      From  DibunophyUum  (PL  Vll.,  Fi^  9),  by  the 
slightly  raisod  boss  in  the  centre  of  the  calice^  which  is  always 
divided  in  two  by  a  mesial  crest,  which  is  variable  in  stoutness,  by 
the  discontinuous  plates  in  the  columellarian  area^  which  are  inter- 
sected by  concave  tabulae.    From  RJiodophyUum  (PL  VIL,  Fig.  8). 
In  the  latter  the  boss  in  the  centre  of  the  calice  is  occupied  by 
sub-convolute  lamella?,  which  fold  I'ound  an  imaginary  axis,  and 
present  a  dome-shaped  aspect,  and  the  totally  diffisrent  structure 
of  the  central  area,  which  is  formed  of  discontinuouB  l^^wMfcllM* 
plates,  and  these  are  intersected  by  slightly  concave  tahaln^  and 
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the  latter  is  usually  of  much  larger  dimensions;  and  from  Cymatio- 
phyUum  (PL  VII.,  Fig.  5),  by  the  fact  that  the  centre  of  the  central 
area  is  more  or  less  concave,  and  the  lamellae  are  sinuous,  and  fre- 
quently a  portion  of  them  extend  across  the  centre  of  the 
oolumellarian  area,  and  the  sinuous  discontinuous  columellarian 
vertical  plates  in  the  central  area,  which  are  intersected  by  dense 
endothecal  tissue.  With  these  points  of  difference,  they  all 
resemble  each  other  in  the  triareal  arrangement  of  the  structural 
details  in  the  longitudinal  section. 

It  will  thus  be  seen,  that  the  above  marked  characters  of  the 
central  area  are  sufficiently  distinct  to  warrant  the  separation  of 
these  forms  into  separate  genera.  As  before  stated,  I  am  persuaded 
that  it  is  only  in  the  structural  details  of  the  central  area  that 
there  is  any  classificatory  value  for  either  generic  or  specific  dis- 
tinction. 

CliaiaphyUum  bipartUum,     M'Ooy. 

Plate  v.,  Fig.  1  and  1a. 

Specific  Cha/nusters, — Corallum  simple,  tall,  cylindro-conical,  and 
curved.  The  calice  is  deep,  and  exhibits  in  the  centre  of  its  floor 
a  broad  conical  boss.  The  surface  of  the  boss  is  marked  with  a 
system  of  lamelle,  which  extend  inwards  from  near  the  inner  ends 
of  the  primary  septa,  and  upwards  to  a  median  columellar  crest 
in  the  crown  of  the  boss.  The  epitheca  is  moderately  stout,  and 
marked  with  encircling  lines  and  irregular  and  shallow  annulations 
of  growth.  The  septa  are  stout,  and  bilamellar  for  three-fourths 
of  their  length  from  their  inner  ends,  and  in  the  outer  area  they 
are  single,  thin,  and  flexuous.  There  are  ten  interlamellar  plates 
in  the  space  of  a  line,  which  are  the  cut  ends  of  the  interlamellar 
stride.  There  are  sixty-two  primary,  alternating  with  an  equal 
number  of  secondary  sept&  The  latter  extend  inwards  for  nearly 
three-fourths  of  the  length  of  the  primary,  and  all  are  united  by 
rectangular  interseptal  dissepiments,  which  are  numerous  in  the 
outer  area  and  few  in  number  in  the  intermediate  ("  interlocular") 
area.  The  central  (''  columellar'')  area  is  composed  of  thirty-six 
lamellse,  which  are  united  to  the  inner  ends  of  the  primary  septa 
by  the  intervention  of  a  system  of  delicate  plates,  and  a  portion  of 
them  converge  inwards  to  the  median  crest,  whilst  others  stop 
short,  and  become  united  to  the  larger  lamellse,  and  all  are  united 
by  rectangular  interlamellar  dissepimenta  The  median  crest 
Vol.  Xm.— No.  2.  2  n 
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exhibits  the  cut  ends  of  the  inner  series  of  the  interlamellar  disse- 
piments, which  in  a  longitudinal  section  oonTerge  inwaxds,  and 
become  united  in  the  centre  of  the  central  area,  and  form  Uie 
columellarian  line  that  extends  from  the  inferior  to  the  superior 
extremity  of  the  oorallum.  The  f  ossula  is  distinct,  and  two  of  the 
primary  septa,  of  shorter  length  than  the  others,  extend  into  it. 

Height  of  corallum,  4  inches ;  diameter  of  calice,  1  inch  6  lines. 

Formation^  Carboniferous;  Locality. — Found  in  the  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  in  Broadstone  Quarry, 
near  Beitb,  Ayrshire. 

Clisiophyllum  ObUmgum,     Thomson.     Sp.  nov. 
Plate  v.,  Figs.  2  and  2a. 

Specific  Chetracters, — Corallum  simple  (imperfect),  moderately 
tall,  and  comute.  The  calice  ia  wanting.  The  epitheca  is  stout, 
and  marked  with  minute  encircling  strise  and  irregular,  deep,  and 
broad  annulations  of  growth  (see  outline  of  Fig.  2a).  The  septa 
ai'e  delicate  and  of  two  orders.  There  are  sixty  primary,  and  an 
equal  number  of  secondary  septa.  The  latter  extend  inwards  from 
the  periphery  for  a  third  of  the  length  of  the  primary  septa,  and  all 
are  united  by  more  or  less  rectangular  interseptal  dissepiments  in  the 
outer  zone,  and  in  the  intermediate  ("  interlocular  ")  area  they  are 
few  in  number.  There  are  eight  interlamellar  plates  in  the  space  of 
a  line,  which  are  the  cut  ends  of  the  interlamellar  stride,  which  in 
the  longitudinal  section  (Fig.  2a)  B  are  seen  to  couTerge  inwards 
and  downwards.  The  central  area  exhibits  the  cut  ends  of  the 
vertical  lamellae,  which  are  attached  to  the  inner  ends  of  the 
primary  septa  by  a  system  of  minute  plate&  There  are  seventeen 
lamell»,  and  a  portion  of  them  extends  inwards  to  the  medim 
crest,  while  a  portion  stop  short  and  become  united  to  the  longer 
lamellae,  and  all  are  united  by  rectangular  interlamellar  dissepi- 
ments. The  central  area  in  the  transverse  section  is  eUiptical  in 
outline.  The  longitudinal  section  is  triareal.  The  central  area  is 
occupied  by  convex  interlamellar  dissepiments,  convexity  pointing 
outwards  and  upwards,  and  converge  inwards  to  the  median  line^ 
which  extends  from  the  inferior  to  the  superior  extremity  of  the 
conical  boss  in  the  centre  of  the  calicular  cavity.  The  interme- 
diate (''  interlocular  **)  area  is  occupied  by  irregular  oonvoz  plates 
or  tabulae,  which  are  concealed  where  the  section  has  passed  down- 
wards  diagonally  at  the  curved  portions  of  the  coraUiuii,  and 
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the  interlamellar  space,  and  thus  exhibits  the  interlamellar  striae 
(Fig.  2a)  B.  The  outer  ("  interseptal ")  area  is  composed  of 
irr^olar  convex  cells,  convexity  pointing  inwards  and  outwards, 
and  arranged  in  oblique  rows. 

Height  of  corallum  (imperfect),  3  inches  ;  diameter  of  section  at 
the  long  axis,  1  inch  4  lines;  and  at  the  narrow  part,  1  inch 
1  line. 

FormcUioTiy  Carboniferatts;  Locality, — Found  in  the  band  of  shale 
that  is  superimposed  on  the  lowest  bed  of  limestone  in  Roughwood 
Quarry,  near  Beith,  Ayrshire. 

This  species  is  distinguished  by  characters  of  a  marked  and 
distinct  nature,  the  form  and  arrangement  of  the  central  area 
being  oblong  in  outline,  and  the  lamellffi  few  in  number,  and 
by  the  large  convex  interlamellar  cells  that  are  exhibited  in  the 
longitudinal  section  converging  inwards  to  the  mesial  columellar 
line  in  the  centre  of  the  central  area. 


Clisiaphyllwn  Danaianum,     Thomson.     Sp.  nov 

Plate  v.,  Fig.  8. 

Spec^  Characters, — Corallum  simple,  short,  cylindro-conical, 
and  slightly  curved.  The  epitheca  is  stout,  and  there  are  minute 
and  flexuous  encircling  lines  and  broad  and  irregular  shallow  annu- 
lations  of  growth.  The  calice  is  circular  and  deep,  and  everted 
around  the  periphery,  and  exhibits  a  conical  boss  in  the  centre  of 
its  floor.  The  sur&ce  of  the  boss  is  marked  by  a  system  of  lamellar 
ridges,  which  converge  inwards  and  upwards  from  near  the  inner 
ends  of  the  primary  septa  to  the  mesial  crest  at  its  superior 
extremity.  The  septa  are  well  developed  and  of  two  orders.  The 
primaiy  are  bilamellar  for  four-fifths  of  their  length  from  their 
inner  enda  In  the  outer  zone  they  are  single,  delicate,  and 
flexuous.  There  are  nine  interlamellar  plates  in  the  space  of  a 
line.  There  are  sixty-six  primary,  and  an  equal  number  of  minute 
secondary  septa,  and  all  are  united  by  interseptal  dissepiments, 
which  are  minute  and  nulnerous  around  the  inner  margin  of  the 
periphery.  They  are  less  numerous  and  irregular  in  the  central 
section  of  the  interseptal  spaces  and  few  in  number  in  the  inter- 
mediate C'interlocular^')  area.  The  central  area  is  obovate,  and 
exhibits  the  cut  ends  of  the  vertical  lamellae.  There  are  eighteen 
lamellae.     Some  of  them  converge  inwards,  then  coalesce,  and  a 
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snaple,  talL  CTtindnxniiical,  mnd 
and  ntft^ed  vhk  irregiilar  oicir- 
Ime  linfift  and  iJiaUov  annyjarinm  ol  growtlL  The  oJioe  is 
snb-oblong  azid  slallow,  and  everted  aroond  tbe  periphgfy.  There 
is  a  broad  mninl  boss  in  the  centre  of  itB  floor,  and  there  are  oon- 
spteooos  Umrilar  ridges^  whidi  conTerge  inwards  and  upwards 
from  the  inner  ends  of  the  primaij  septa  to  the  median  crest  on 
the  crown  of  the  conical  boss.  The  septa  are  stout,  and  lulameUar 
lor  three-foorths  of  their  lengih  from  their  inner  ends»  and  single, 
thin,  and  flexnoos  in  the  onterzone.  There  are  nine  interlameUar 
phUes  in  the  space  of  a  line,  which  are  the  cat  ends  of  the  inter- 
lamellar  striae.  Tliere  are  sixty  primary  septa  in  the  section  cot 
(me  inch  below  the  calioe,  fifty-four  in  the  section  cat  two  inches 
below  the  cslice,  and  fifty-two  in  the  section  cat  an  inch  farther 
down,  and  these  alternate  with  an  eqpal  nomber  of  aeoondaiy 
septa.  The  latter  extend  inwards  from  the  per^)heiy  for  half  the 
length  of  the  others,  and  all  are  united  by  more  or  less  rectango- 
lar  intersept&l  dissepiments^  which  are  nomeroos  in  the  ooter 
("interseptal  "*)  zone  and  sparse  in  theintmnediate  (^interlocolar*^ 
area.     The  central  area  is  large  and  sal^elliptica],  and  e^oaes  the 
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cut  ends  of  the  vertical  lamellae.  There  are  twenty-nine  lameUse  in 
the  upper  and  in  the  median  section,  and  twenty-four  in  the  lower 
section,  and  all  are  united  by  interlamellar  dissepiments,  and  the 
outer  margin  of  the  boss  is  united  to  the  inner  ends  of  the  primary 
septa,  by  a  system  of  minute  plates.  The  fossula  is  large  in  the 
upper,  a  little  less  in  the  median,  and  still  smaller  in  the  lowest 
section,  and  in  all  the  three  a  primary  septum,  of  shorter  length 
than  the  others,  extends  into  it. 

Height  of  corallum,  4  inches ;  diameter  of  calice,  1  inch  4  lines 
at  the  narrowest,  and  1  inch  and  5  lines  at  the  longest. 

Formation  J  Carhomferwia ;  Loccdity, — Found  in  a  band  of  shale 
that  is  about  three  feet  above  the  lowest  bed  of  limestone  in 
Gateside  Quarry,  near  Beith,  Ayrshire. 

This  species  is  distinguished  from  Clia,  bipartUum,  its  nearest 
ally,  by  its  sub-elliptical  form.  Its  central  area  is  not  so  broad, 
and  the  lamellte  are  not  so  numerous,  and  the  interseptal  dissepi- 
ments are  not  so  numerous,  and  its  fossula  is  not  so  large. 

This  specimen  has  been  cut  into  six  different  parts,  and  exposing 
the  transverse  sections  from  near  the  calice  to  within  an  inch  of 
its  lower  extremity ;  and  after  a  careful  examination  of  all  the 
sections,  I  am  unable  to  determine  charactei's  sufBciently  distinct 
to  warrant  any  paleontologist,  with  even  the  most  superficial 
knowledge  of  coralline  remains,  in  defining  more  than  one  species — 
a  result  in  keeping  with  my  former  observations  in  the  different 
genera  that  has  passed  through  my  hands,  and  recorded  in  my 
previous  communications  to  the  Society. 

ClisiophyUum  Bowerhanki,     Edwards  and  Haime. 

Plate  v.,  Figs  5  and  5a. 

Specific  Cha/rtieters, —  Corallum  imperfect,  simple,  cylindro- 
conical,  and  curved.  The  epitheca  is  stout,  and  marked  with 
encircling  Unes  and  shallow  annulations  of  growth.  The  calice 
is  moderately  deep  and  everted,  and  its  floor  is  occupied  by  a 
prominent  conical  boss.  The  septa  are  delicate,  and  bilamellar 
for  three-fourths  of  their  length  from  their  inner  ends,  and  single 
and  thin  around  the  peripheral  zone.  There  are  ten  interla- 
mellar plates  in  the  space  of  a  line,  which  are  the  cut  ends  of  the 
interlamellar  granular  striae,  which  are  seen  in  the  longitudinal 
section  to  converge  inwards  and  downwards  at  the  curved  part 
of  the  section,  arising  from  the  section  being  diagonal,  and  passing 
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along  the  interlamellar  space  at  the  curved  part  of  the  corallum. 
There  are  sixty-six  primary,  alternating  with  an  equal  number  of 
secondary  septa,  and  the  latter  extend  inwards  from  the 
periphery  for  a  third  of  the  length  of  the  primary  septa,  and 
all  are  united  by  delicate  interseptal  dissepiments,  which  are 
numerous  in  the  outer  ('' interseptal '')  zone  and  irregular  and 
sparse  in  the  intermediate  (*'  interlocular '')  area.  The  central 
area  is  spherical,  and  exposes  the  cut  ends  of  the  vertical  lamellae, 
which  are  united  to  the  inner  ends  of  the  primary  septa  by  a 
system  of  angular  plates.  There  are  eighteen  lamellar  plates,  and 
only  one-half  of  them  reaches  the  median  crest  in  the  centre  of  the 
conical  boss,  and  all  are  united  by  numerous  irregular  interla- 
mellar dissepiments.  The  longitudinal  section  is  triareaL  The 
central  area  is  occupied  by  a  system  of  convex  vesicular  ceUs, 
convexity  pointing  inwards  and  outwards,  which  at  their  inner 
ends  meet  those  of  the  opposite  half,  and  their  union  produces 
the  median  line,  which  extends  from  the  base  of  the  corallum  to 
its  superior  extremity,  and  is  seen  in  the  crown  of  the  conical  boss 
in  the  centre  of  the  calicular  cavity.  The  intermediate  ("  inter- 
locular ")  area  exposes  a  system  of  convex  tabulae  of  large  dimen- 
sions. The  outer  zone  ("  interseptal ")  area  is  occupied  by  a 
83rstem  of  iiTegular  convex  cellular  tissue,  convexity  pointing 
upwards  and  inwards,  and  arranged  in  oblique  rows.  The  foesula 
is  small,  and  one  of  the  primary  septa,  half  the  lei^th  of  the 
others,  extends  into  it. 

Height  of  corallum  imperfect.  A  portion  of  the  lower  extremity 
is  wanting.     Diameter  of  calice,  1  inch  3  lines. 

Formatumy  Ca/rboniferoua ;  Locality, — Found  in  a  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  in  Langside  Quarry,  near 
Beith,  Ayrshire. 

This  species  is  distinguished  from  the  preceding  in  the  form 
and  arrangement  of  the  central  area,  it  being  spherical  in  outline. 
The  lamellie  are  less  numerous,  and  only  a  half  of  their  number 
extends  into  the  median  crest.  A  portion  of  the  lamellse  is 
displaced  by  two  curved  bodies,  which  I  take  to  be  ampullas ;  they 
contain  minute  oval  bodies,  which  I  regard  as  ova.  Whether 
I  am  correct  in  r^arding  these  as  ova  is  yet  to  be  determined. 
This  opinion  I  formerly  recorded  in  the  Froceedingg  of  the  Society, 
vol.  ix.,  p.  153,  and  vol.  xi.  No.  1,  p.  170,  and  since  then  I  have 
discovered  a  number  of  specimens  containing  similar 
I  purpose  investigating  soon. 
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CliaiaphyUum  conaseptum,     Keyserling. 
FUte  V„  Fig.  6. 

Specific  Characters, — Corallum  simple,  stout,  short,  and  cylindro- 
conicaL  The  epitheca  is  stout,  and  marked  with  minute  encircling 
lines  and  shallow  annulations  of  growth.  The  calice  is  shallow 
and  everted,  and  the  centre  is  occupied  by  a  boss,  which  is  slightly 
raised  above  the  inner  ends  of  the  primary  septa,  and  exposes  a 
system  of  lamellar  ridges,  which  converge  inwards  and  upwards 
from  the  inner  ends  of  the  primary  septa  to  the  long^esial  crest 
in  the  crown  of  the  bos&  The  septa  are  moderately  stout  and 
wide  apart  The  primary  are  bilamellar  for  three-fourths  of  their 
length  from  their  inner  ends.  In  the  outer  zone  they  are  single, 
thin,  and  more  or  less  flexuous.  There  are  eight  interlamellar 
plates  in  the  apace  of  a  line,  which  are  the  cut  ends  of  the  inter- 
lamellar striae.  There  are  fifty-six  primary  septa,  alternating  with 
an  equal  number  of  minute  secondary  septa,  and  all  are  united  by 
irregular  and  angular  interseptal  dissepiments,  which  are  numerous 
around  the  inner  margin  of  the  periphery.  Inwards  they  are 
sparse,  and  expose  an  irregular  and  open  cellular  tissue  in  the 
interseptal  area.  In  the  intermediate  (**  interlocular")  zone  they 
are  few  in  number.  The  central  area  is  orbicular,  and  exposes  the 
cut  ends  of  the  lamellie,  which  are  more  or  less  flexuous,  and  which 
converge  inwards  from  the  inner  ends  of  the  primary  septa.  A 
portion  of  them  then  unite,  and  the  half  of  them  extend  into  the 
mesial  crest  in  the  centre,  and  all  are  united  by  sparse  and  irregular 
interlameUar  dissepimenta  The  f ossula  is  large,  and  a  primary 
septum,  half  the  length  of  the  others,  extends  into  it. 

Height  of  corallum,  3^  inches ;  diameter  of  section,  1  inch  7 
lines. 

FormaHony  Carhonifercua ;  Locality. — Found  in  the  coralline 
band  of  impure  limestone  that  is  interstratified  with  beds  of  arena- 
cious  shale,  a  few  feet  above  the  lowest  bed  of  limestone  in  Charles- 
ton Quarry,  Fifeshire.  It  is  noteworthy  that  in  this  locality 
many  of  the  specimens  are  considerably  metamorphosed  by  the 
calcareous  structure  of  the  corallum  being  displaced  by  silica. 
This  is  usually  found  around  the  peripheral  zone  in  many  of  the 
specimens,  whilst  in  others  the  siliceous  matter  all  but  obscures 
the  structural  details  throughout  the  corallum. 
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CliHophy litem  detisiphyllum.     Thomson.     Sp.  nov. 

PUteV.,  Fig.  7. 

Specific  Characters, — Corallum  (imperfect,  a  poiiion  of  both 
extremities  is  wanting)  simple,  tall,  cylindro-conical,  and  curved. 
The  epitheca  is  thin,  and  the  outer  ends  of  the  septa  are  fedntly 
exposed,  and  marked  by  encircling  lines  and  broad,  deep  annu- 
lations  of  growth.  The  calice  is  wanting.  A  transverse  section 
exhibits  the  sub-circular  outline  and  the  dense  structural  details 
of  the  corallum.  The  septa  are  numerous,  and  of  two  orders. 
The  primary  are  bilamellar  till  they  nearly  reach  the  periphery, 
and  around  the  inner  margin  of  the  periphery  they  are  single  and 
thin.  There  are  four  interlamellar  plates  in  the  space  of  a  line, 
which  are  the  cut  ends  of  the  interlamellar  strise.  There  are 
fifty-six  primary,  alternating  with  an  equal  number  of  secondary 
septa.  The  latter  extend  inwards  from  the  periphery  for  a  third 
of  the  length  of  the  primary,  and  all  are  united  by  dense  and  more 
or  less  angular  interseptal  dissepiments  in  both  the  outer  ("  inter- 
septal")  and  in  the  inner  (^*  interlocular '')  zones.  The  central  area 
is  small  and  dense,  and  a  transverse  section  exposes  the  cut  ends 
of  twenty-two  lamellse.  These  are  the  cut  ends  of  the  vertical 
lamellar  plates,  which  are  imited  to  the  inner  ends  of  the  primary 
septa  by  the  intervention  of  a  cyclum  of  angular  plates.  The 
lamellae  converge  inwards  from  near  the  inner  ends  of  the  primaiy 
septa.  Some  of  these  unite  into  fascicles,  and  the  central  one 
extends  into  the  median  crest  in  the  centre,  and  all  are  united  by 
a  system  of  interlamellar  dissepiments.  The  median  crest  in  the 
centre  of  the  central  area  is  the  cut  end  of  the  columellar  line^ 
which  extends  from  the  inferior  to  the  superior  extremity  of  the 
corallum.  The  fossula  is  small  and  indistinct^  and  one  of  the 
primary  septa,  half  the  length  of  the  others,  extends  into  it. 

Height  of  corallum,  imperfect.  The  portion  I  have  is  4  inches 
long,  and  the  transverse  section  is  1  inch  and  3^  lines  broad. 

Formation,  Carboniferous;  Locality, — Found  in  the  band  of  shale 
that  overlies  the  lowest  bed  of  Umestone  in  Petershill  Quairy,  near 
Bathgate,  Linlithgowshire. 

This  species  differs  greatly  from  all  the  other  species  of  the 
genus  by  the  dense  structural  details,  by  the  small  central  aresi 
and  by  the  broad  zone  of  endothecal  plates  that  anite  the  lanwllw 
to  the  inner  ends  of  the  primary  septa,  and  by  the  faot  that  the 
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interlocular  dissepiments  are  more  namerous  than  is  found  in  any 
other  species  that  has  oome  under  my  notice. 

Clisiophyllum  gratulicwn,     Thomson.     Sp.  nov. 
Plate  v.,  Figs.  1  and  1a. 

Specific  CJiaraciers. — Simple,  tall,  cylindro-conical,  and  slightly 
curved,  and  a  portion  of  the  superior  and  of  the  lower  extremity 
is  wanting.  The  epitheca  is  stout,  and  marked  with  encircling 
lines  and  broad  and  shallow  annulations  of  growth.  The  calice  is 
wanting.  The  central  area  in  the  transverse  section  is  smaU,  and 
exposes  the  cut  ends  of  eleven  lamelke.  Some  of  these  extend 
inwards  from  near  the  inner  ends  of  the  primary  septa  to  the 
mesial  crest,  and  are  united  at  their  outer  ends  to  the  inner 
extremities  of  the  primary  septa,  and  all  are  united  by  interla- 
mellar  dissepiments.  The  septa  are  delicate,  and  bilamellar  for 
half  their  length  from  their  inner  ends,  and  flexuous  and  more  or 
less  vesicular  in  their  outer  zone.  There  are  twenty-two  interla- 
mellar  plates  in  the  space  of  a  line.  There  are  eighty  primary, 
alternating  with  an  equal  number  of  minute  secondary  septa,  which 
are  hardly  recognisable  in  the  dense  vesicular  tissue  they  intersect, 
and  each  are  united  by  angular  interseptal  dissepiments,  which  are 
irr^ular  and  numerous  in  the  outer  ("interseptal")  zone  and  sparse 
in  the  intermediate  ("interlocular'')  area.  The  longitudinal  section 
exhibits  the  triareal  arrangement  of  the  internal  structure.  In 
the  centre  of  the  central  area  there  is  a  median  line,  which  is 
curved  near  the  upper  extremity  of  the  section,  and  on  each  side 
of  the  mesial  line  there  is  a  system  of  convex  plates,  convexity 
pointing  upwards  and  outwards,  and  those  near  the  median  line 
curve  upwards  at  their  inner  ends,  and  rest  upon  the  median 
("columellanan")  line.  These  are  the  cut  margins  of  the  inter- 
lamellar  dissepiments.  The  intermediate  ("interlocular'')  area  is 
occupied  by  a  system  of  irregular  convex  plates,  convexity  pointing 
upwards  and  more  or  less  outwards.  The  outer  ("interseptal") 
area  is  broad,  and  exposes  the  cut  margins  of  the  interseptal  dis- 
sepimenta  These  are  convex,  convexity  pointing  upwards  and 
inwards,  and  arranged  in  oblique  rows.  The  fossula  is  moderate 
in  size,  and  a  primary  septum,  half  the  length  of  the  others,  extends 
into  it,  and  a  portion  of  the  endothecal  tissue  passes  into  it. 

Height  of  oorallum  (imperfect),  length  of  specimen  fully  three 
inches ;  diameter  of  section,  1  inch  8  lines. 
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Formation^  Carboniferous;  Locality. — Found  in  the  band  of 
shale  that  overlies  the  lowest  bed  of  limestone  in  Langside  Quarry, 
near  Beith,  Ayrshire. 

This  remarkable  specimen  is  unique,  and  differs  widely  from  all 
the  other  species  that  I  have  seen  from  the  carboniferous  rocks  of 
Britain.  For  a  long  time  I  did  regard  it  as  Clis.  coniseptum  (Key), 
and  recorded  it  as  such  in  the  Ann.  and  Mag.  of  Nat.  Hist.,  ser.  4, 
voL  17,  PL  22,  Figs.  3  and  3a;  but,  after  a  careful  examination 
of  the  type  specimen  now  in  the  Bristol  Museum,  I  am  satisfied 
that  it  has  no  specific  relation  to  that  species,  and  therefora  must 
r^ard  it  as  altogether  new. 

Clisiophyllum  Broadstonianum.     Thomson.     Sp.  nov. 

Plate  VI.,  Figs.  2  and  2a. 

Specific  Cfuvracters. — Corallum  simple  and  moderately  tall, 
conical,  and  curved.  The  epitheca  is  stout,  and  marked  with 
coarse,  irregular  lines,  and  broad  and  shallow  annulations  of  growth. 
The  calice  is  imperfect  in  another  specimen  of  the  same  species. 
The  centre  of  the  calice  is  occupied  with  a  boss  which  is  slightly 
raised  above  the  inner  ends  of  the  primaiy  septa.  It  is  never  so 
conical  as  the  majority  of  the  other  species  are,  and  is  more  elevated 
on  the  one  side  of  the  boss  than  it  is  on  the  other,  and  the  median 
crest  is  elongated,  and  bends  down  into  the  depressed  side  of  the 
boss  opposite  the  fossula,  and  in  a  transverse  section  the  lame11» 
are  seen  to  be  somewhat  irregular.  There  are  twenty  lamelbe  which 
are  united  to  the  inner  ends  of  the  primaiy  septa  by  the  interven- 
tion of  a  system  of  minute  plates.  The  lamellie  are  more  numerous 
on  the  elevated  side  of  the  central  area  than  they  are  on  the 
other,  and  they  are  united  by  interlamellar  plates.  The  piimaiy 
septa  are  bilamellsir  for  three-fourths  of  their  length  from  their 
inner  enda  In  the  outer  zone  they  are  single  and  moderately 
flexuous.  There  are  seven  interlamellar  plates  in  the  space  of  a 
line,  which,  in  a  longitudinal  section  are  seen  as  delicate  strii^ 
converging  inwards  and  downwards,  and  each  stria  is  laterally 
united  by  minute  rectangular  granular  bars,  presenting  a  minute 
fenestrated  aspect.  There  are  sixty  primary,  alternating  with  an 
equal  number  of  delicate  secondary  septa,  and  all  are  united  by 
minute  interseptal  dissepiments  in  the  outer  ("  inteneptal") 
These  become  sparse  near  the  intermedial  ('' interioonlar ") 
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and  in  the  latter  thej  are  few  in  number.  The  longitudinal  sec- 
tion is  triareal.  The  centre  of  the  central  area  is  occupied  by  an 
irregular  pseudo-median  line,  and  on  each  side  there  is  a  zone  of 
convex  cells,  couTezity  pointing  outwards  and  upwards,  and  near 
the  median  line  they  are  more  numerous.  The  intermediate 
C'interlocular")  area  is  occupied  by  a  system  of  irr^;ular  convex 
cells,  convexity  pointing  upwards  and  outwards.  The  outer 
("  interseptal")  space  exhibits  the  cut  margins  of  the  interseptal 
dissepiments ;  they  are  convex— convexity  pointing  upwards  and 
inwards,  and  arranged  in  oblique  rows.  The  outer  zone  of 
vesicular  tissue  is  considerably  narrower  than  those  of  its  nearest 
allies.  The  fossula  is  small,  and  hardly  recognisable.  A  primary 
septum,  a  third  of  the  length  of  the  others,  extends  into  it. 

Height  of  corallum,  fully  2  inches ;  diameter  of  section,  I  inch 
and  1  line. 

Formationy  Carboniferous;  Locality, — Found  in  a  band  of  shale 
about  three  feet  above  the  lowest  bed  of  limestone  in  Broadstone 
Quarry,  near  Beith,  Ayrahire. 

This  species  may  be  said  to  be  intermediate  between  Clis,  hi- 
partition  and  that  of  CUs,  Bowerbanki.  It,  however,  differs  from 
the  former  in  the  irregular  arrangement  of  the  lamellffi  in  the  less 
conical  boss,  and  there  are  a  third  less  lamellae.  And  from  the 
latter  it  differs  in  the  form  and  arrangement  of  the  central  area. 
The  boss  is  broader,  and  it  is  never  so  much  elevated  in  the  centre 
of  the  calice.  The  lamellaa  are  more  numerous,  and  are  more  regu- 
lar, and  the  septa  are  a  little  stouter.  It  is  noteworthy  that  I 
have  not  seen  this  variety  from  any  other  locality,  and  strictly 
confined  to  one  horizon  of  strata,  in  Broadstone  Quarry, 


CUnaphyUum  Geniizieanum,    Thomson.     Sp  nov. 

Plate  VI.,  Figs.  3  and  3a. 

Specific  Characters, — Corallum  simple,  turbinate,  and  short. 
The  epitheca  is  stout,  and  marked  with  delicate  encircling  lines 
and  irr^pilar  and  shallow  annulations  of  growth.  The  calice  is 
broad  and  shallow,  and  everted  around  the  periphery;  the  boss 
in  its  centre  is  moderately  raised  above  the  inner  ends  of  the 
primary  septa,  and  is  sub-oblong  in  outline,  and  the  median  crest 
is  prominent^  and  the  transverse  section  exposes  the  cut  ends  of 
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twenty-one  Umellje.  A  portion  of  these  converge  and  are  attached 
to  the  median  crest,  and  tlie  otliera  stc^  short  and  are  united  with 
the  longer  lamellae,  and  each  is  attadied  to  the  inner  ends  of  the 
primary  septa  by  a  system  of  angolar  plates,  and  all  are  united 
by  rectangular  interlamellar  disseptmenta  The  septtL  are  Inla- 
mellar  for  fonr-fifths  of  their  length  from  their  inner  ends^  and 
aroond  the  peripheral  zone  they  are  single  and  thin.  There  are 
eight  interiamellar  plates  in  the  space  of  a  line,  which  are  the 
cut  ends  of  the  interlamellar  strije  that  are  seen  in  a  longitudinal 
section  to  converge  in^-ards  and  downwards.  There  are  fifty-eight 
prioiaiy,  alternating  with  an  eqoal  number  of  seeondaxy  septa. 
The  latter  extend  inwards  fcH*  half  the  length  of  the  primary,  and 
all  are  united  by  irr^ular  and  angular  interseptal  dissepiments. 

The  longitudinal  section  is  triareaL  In  the  centre  of  the  central 
area  there  is  a  median  line,  which  extends  firom  the  infericM*  to 
the  superior  extremity  of  the  corallum,  and  on  either  side  of 
the  columellarian  line  there  are  exposed  a  series  of  oonvex  cells, 
convexity  pointing  upwards  and  outwards.  The  intermediate 
('*  interlocular ")  area  is  composed  of  broad  convex  talmbe,  con- 
vexity pointing  upwards  and  outwards.  The  outer  (''interseptal") 
area  is  occupied  by  a  system  of  convex  cells,  convexity  pointing 
upwards  and  inwards,  and  arranged  in  oblique  rows.  The  fossols 
is  moderately  large,  and  two  of  the  primary  septa,  of  shorter 
length  than  the  others,  extends  into  it. 

Height  of  corallum,  1|  inches ;  diameter  of  calice,  1  inch  4  lines 

FarmaUon,  Carbwuferous  ;  Locality, — Found  in  a  band  of  shale 
three  feet  above  the  lowest  bed  of  limestone  in  Broadstone  Qnany, 
near  Beith,  Ayrshire. 

This  species  is  closely  allied  to  CUs.  M^Coyanwm,  It^  how- 
ever, differs  from  it  in  the  size  and  arrangement  of  the  central 
area,  which  is  of  smaller  dimensions,  and  the  lamells  are  not  so 
numerous,  and  the  septa  are  never  so  stout ;  and  it  gives  me  great 
pleasure  to  name  it  in  honour  of  Prol  Gintade. 

ClisiophyUum  elegatUe.     Thomson.     Sp.  nov. 

PlateVL,  Pig.  4 

Specific  Characters, — Corallum  simple,  short,  cylindio-oonical, 
and  curved.  The  epitheca  is  thin.  The  outer  aids  of  the  aep4a 
are  visible  through  the  thin  walL     There  are  delicato  eocircling 
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lines  and  shallow  annulations  of  growth.  The  calice  is  deep,  and 
thin  around  the  lips,  and  the  centre  of  its  floor  is  occupied  by  a 
prominent  conical  boss,  and  the  lamellar  ridges  converge  upwards 
and  inwards  to  the  small  median  crest  on  the  crown  of  the  boss. 
The  septa  are  delicate,  and  bilamellar  to  near  the  periphery. 
Then  they  are  single.  There  are  seven  interlamellar  plates  in 
the  space  of  a  line.  There  are  fifty-four  primary,  alternating 
with  an  equal  number  of  secondary  septa.  The  latter  extend 
inwards  for  about  half  the  length  of  the  former,  and  all  are 
united  by  more  or  less  angular  interseptal  dissepiments,  which 
are  numerous  in  the  outer  zone,  and  sparse  in  the  intermediate 
(**  interlocular '')  area.  The  central  area  is  seen  in  the  trans- 
verse section  to  be  broad  in  proportion  to  the  total  diameter  of 
the  corallum,  and  exhibits  the  cut  ends  of  twenty-five  lamellae. 
One  of  the  lamellae  extends  from  the  mesial  crest  outwards,  and 
into  the  septal  fossula,  and  all  are  united  to  the  inner  ends  of  the 
primary  septa  by  a  system  of  angular  plates,  and  the  lamellae  are 
laterally  united  by  interlamellar  dissepiments.  The  fossula  is 
small,  and  two  of  the  primary  septa,  of  shorter  length  than  the 
others,  extend  into  it. 

Height  of  corallum,  2^  inches ;  diameter  of  calice,  1  inch. 

Formation^  Carboniferous ;  Locality, — Found  in  a  band  of  shale 
that  is  about  three  feet  above  the  lowest  bed  of  limestone  in 
Broadstone  Quarry,  near  Beith,  Ayrshire. 

This  elegant  form  is  readily  distinguished  from  any  of  the 
preceding  species  by  its  broad  central  area,  and  by  the  delicate 
and  numerous  lamellae,  and  by  the  extension  of  one  of  the  lamellae 
from  the  median  crest  into  the  fossula,  and  by  the  prominent 
conical  boss  in  the  floor  of  the  calice. 

CliophyUum  abruptum,     Thomson.     Sp.  no  v. 

Plate  VL,  Figs.  5  and  5a. 

Speeifie  CAorocfer*. -- Corallum  simple,  tall,  cylindro-conical, 
and  curved.  The  epitheca  is  thick,  and  marked  with  stout 
irregular  encircling  lines  and  broad  shallow  annulations  of 
growth.  The  calice  is  wanting.  In  another  specimen  it  is 
seen  to  be  shallow,  and  the  boss  in  the  centre  is  broad,  and 
presents  the  form  of  a  broad  obtuse  cone  with  an  elongated 
median  crest  in  its  centre.     The  septa  are  short;  some  of  them 
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ClieiophyUwn  turbinatum,     M'Coy. 
Plate  VI.,  Fig.  6. 

Specific  Characters. — Goralluni  simple,  short,  and  turbinate. 
The  epitheca  is  thin,  and  marked  with  delicate  encircling  lines 
and  irregular  and  shallow  annnlations  of  growth.  The  calice  is 
broad  and  moderately  deep,  and  the  centre  of  its  floor  is  occupied 
by  a  boss  which  is  slightly  raised  above  the  inner  ends  of  the 
primary  septa.  The  septa  are  moderately  stout  and  bilamellar  for 
three-thirds  of  their  length  from  their  inner  ends,  and  single  and 
thin  around  the  inner  margin  of  the  periphery.  .  There  are  eight 
interlamellar  plates  in  the  space  of  a  line.  There  are  fifty  pri- 
mary, alternating  with  an  equal  number  of  secondary  septa.  The 
latter  extend  inwards  for  half  the  length  of  the  former,  and  all  are 
united  by  more  or  less  angular  interseptal  dissepiments,  which  are 
numerous  in  the  outer  zone,  and  few  in  number  in  the  intermediate 
("  interlocular")  area.  The  transverse  section  exhibits  the  cut  ends 
of  the  irregulai'ly-disposed  lamelke,  which  are  seen  to  converge 
inwards  towards  the  median  crest  in  the  centre,  and  are  united  to 
the  inner  ends  of  the  primary  septa  by  the  intervention  of  a  system 
of  angular  plates,  and  all  are  united  by  more  or  less  irregular 
interlamellar  dissepiments.  The  septal  fossula  is  moderately  large, 
and  a  septum,  half  the  length  of  the  others,  extends  into  its 
centre,  and  a  septum  on  each  side  falls  about  a  Une  short  of  the 
others. 

Height  of  corallum,  1^  inch ;  diameter  of  calice,  1^  inch. 

FomuUion,  CarboniferoiLS ;  Locality. — Found  in  the  coralline 
band  of  sBsde  about  five  feet  above  the  lowest  bed  of  limestone  in 
the  Poneil  water  at  Brockley,  near  Lesmahagow,  Lanarkshire. 

This  species  can  at  all  times  be  readily  distinguished  by  its 
turbinate  aspect,  by  its  broad  calice,  and  by  the  form  and  arrange- 
ment of  its  central  area.  It  is  not  a  common  species  in  the 
carboniferous  rocks  of  Scotland. 

ClisiophyUum  vesictUarum.     Thomson.     Sp.  nov. 

PUte  VI.,  Fig.  7. 

Specific  Characters. — Corallum  simple,  tall,  and  cylindro-conical. 
The  epitheca  is  moderately  stout,  and  marked  with  encircling  lines 
and  irregular  shallow  annulations  of  growth.       The  calice  is 
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moderately  deep,  and  its  centre  is  occupied  by  an  oblong  boss, 
which,  near  the  apex,  becomes  acutely  conical.  The  calice  is 
contracted  and  thin  around  the  lips.  The  septa  are  bilamellar  for 
three-fourths  of  their  length  from  their  inner  ends,  and  in  the 
outer  zone  they  are  thin.  There  are  ten  interlamellar  plates  in 
the  space  of  a  line.  There  are  sixty  six  primary,  alternating  with 
an  equal  number  of  secondary  septa.  The  latter  extend  inwards 
from  the  periphery  for  four-fifths  of  the  length  of  the  primary 
septa,  and  they  are  united  by  more  or  less  rectangular  interseptal 
dissepiments,  which  extend  inwards  to  the  inner  ends  of  the 
secondary  septa,  and  in  the  intermediate  (*' interlocular ")  area 
they  are  all  but  wanting.  The  central  area  is  elliptical  in  outline, 
and  dense.  There  are  forty-eight  lamellae,  which,  at  their  outer 
ends,  are  united  to  the  inner  ends  of  the  primsuy  septa  by  a 
system  of  angular  plates,  and  converge  inwards  to  the  zone  of 
vesicular  tissue  that  occupies  the  centre  of  the  central  arc.  This 
tissue  occupies  the  place  of  the  median  crest,  and  in  a  longitudinal 
section  would  present  a  more  or  less  dense  vesicular  rod  in  the 
centre,  which  has  suggested  the  specific  name,  and  the  lamellse 
are  united  by  rectangular  and  dense  interlamellar  dissepiments. 
The  fossula  is  small,  and  a  primary  septum,  a  little  shorter  than 
the  others,  extends  into  it. 

Height  of  corallum  (imperfect,  a  portion  of  the  lower  extremity 
is  wanting).  The  specimen  is  5  inches  long ;  diameter  of  section 
at  the  long  angle,  1  inch  10  lines;  and  1  inch  6  lines  at  the 
narrowest. 

Formation^  CarbomferouB ;  Locality, — Found  in  the  band  of 
shale  that  overUes  the  lowest  bed  of  limestone  in  Lang^e  Quarry, 
Beith,  Ayrshire. 

This  elegant  species  is  distinguished  from  all  the  other  species 
by  its  dense  oblong  central  area,  which  is  relatively  small  in  pro- 
portion to  the  diameter  of  the  corallum,  and  by  the  vesicular 
tissue  in  the  centre  of  the  central  area  and  the  numerous  lamellae 
of  the  central  area. 


Clisiophyllum  intermedium,     Thomson.     Sp.  nov. 

Plate  VL,  Fig.  8. 

Specific  Chcircicters. — Corallum  simple,  moderately  tall,  cylindro- 
conical,  and  curved.      The  epitheca  is  stout^  and  marked  with 
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large  encircling  lines  and  irregular  and  broad  annulations  of 
growth.  The  calice  is  shallow,  and  everted  at  its  outer  margin. 
The  boss  in  the  centre  of  its  floor  is  slightly  raised  above  the  inner 
ends  of  the  primary  septa.  The  primary  septa  are  short,  and 
bilamellar  for  four-fifths  of  their  length  from  their  inner  ends,  and 
single  and  thin  around  the  periphery.  There  are  nine  inter- 
lamellar  plates  in  the  space  of  a  line,  which  are  the  cut  ends  of 
the  interlamellar  strisB,  which  in  the  longitudinal  section  are  seen 
to  converge  inwards  and  downwards.  There  are  sixty-six  primary, 
alternating  with  an  equal  number  of  minute  secondary  septa,  which 
are  united  by  more  or  less  angular  interseptal  dissepiments, 
numerous  in  the  outer  (**  interseptal ")  area  and  few  in  number 
in  the  intermediate  (^'interlocular")  zone.  The  central  area  is 
broad,  and  exposes  the  cut  ends  of  twelve  irregular  lamelke,  which 
are  more  or  less  flexuous,  and  three  of  the  lamellse  converge  inwards, 
and  become  united  to  one  end  of  the  median  crest  on  the  one  side, 
and  on  the  other,  one  lamellse  extends  inward,  and  is  united  to 
the  opposite  end  of  the  median  crest.  The  other  lamellse  stop 
short  of  the  centre,  and  are  attached  to  the  long  lamellse,  and 
all  are  united  by  irregular  and  sparse  interlamellar  dissepimenta 
The  fossula  is  small,  and  a  primary  septum,  three-fourths  of  the 
length  of  the  others,  extends  into  it 

Height  of  corallum,  3^  inches;  diameter  of  calice,  1  inch  4 
lines. 

FormaUan,  Ccvrhoniferous;  Locality, — Found  in  the  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  in  Auchenskeoch  Quarry, 
two  miles  south  of  Dairy,  Ayrshire. 

This  species  is  readily  distinguished  from  Clis,  abruptttm,  its 
nearest  ally,  by  the  form  and  arrangement  of  the  central  area.  It 
is  sub-spherical  in  outline,  and  the  lamellse  are  irregular  in  their 
arrangement;  while  in  Clia,  abruptum  the  central  area  is  oblong, 
and  the  lamellse  are  not  only  more  numerous,  but  are  more  syme- 
trically  arranged,  and  the  septa  extend  further  into  the  centre  in 
the  former  than  in  the  latter.  Indeed,  I  have  long  hesitated 
whether  this  singular  species  should  be  grouped  amongst 
Clisiophylla,  or  in  thab  of  the  genus  CerUreophyllum,  In  the 
latter  the  lamellae  converges  into  the  centre  of  the  central  area, 
where  they  more  or  less  meet.  In  this  species  only  four  of  the 
lamellae  converge  into  the  small  median  crest,  which,  if  cut  longi- 
tudinally, would  present  a  median  line  extending  the  entire  length 
of  the  corallum.  This  being  the  distinguishing  character  of  the 
Vol.  XIIL— No.  2.  2o 
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genus  ClisiophyUuniy  I  feel  justified  in  placing  it  in  as  an  inter- 
mediate or  passage  form  between  these  genene. 


ClisiophyUum  Keyaerlingi.     M*Coy. 
PUte  VII.,  Pig.  1. 

Specifie  Charctctera, — Corallum  simple,  taU,  cylindro-conical,  and 
curved.  The  epitheca  is  thick  and  marked  with  minute  encircling 
lines  and  irregular  and  shallow  annulations  of  growth.  The  calice 
is  wanting.  A  transverse  section  exposes  the  cut  ends  of  the  ver- 
tical lamellfe,  which  are  sub-convolute,  and  fold  round  and  clasp  the 
median  crest  in  the  centre  of  the  central  area.  There  are  forty- 
four  lamellffi,  which  are  united  to  the  inner  ends  of  the  primary 
septa  by  a  system  of  angular  plates,  and  all  are  united  by  numer- 
ous interlamellar  dissepiments,  and  the  median  crest  is  subsinuouB. 
The  septa  are  of  two  orders.  The  primary  septa  are  bilamellar 
for  three-fourths  of  their  length  from  their  inner  enda  In  the 
outer  zone  they  are  single,  thin,  and  more  or  less  flexuous,  and 
these  alternate  with  a  cyclum  of  secondary  septa,  which  extend 
inwai*ds  for  three-fourths  of  the  length  of  the  primary  septa,  and 
each  is  united  by  a  dense  zone  of  interseptal  dissepiments  in  the 
outer  area,  and  in  the  intermediate  (^'interlocular'')  zone  they  are 
few  in  number.  There  are  ten  interlamellar  plates  in  the  space 
of  a  line,  which  are  the  cut  ends  of  the  interlamellar  striae.  There 
are  seventy-four  primary,  alternating  with  an  equal  number  of 
secondary  septa.  The  fossula  is  small,  and  a  septum,  of  shorter 
length  than  the  others,  extends  into  it. 

Height  of  corallum  (imperfect),  6|  inches  ;  diameter  of  section, 
H  inches  and  1  line  by  1  inch  and  ten  lines. 

Formation,  Carboniferous;  Locality, — Found  in  the  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  in  the  Auchenskeoch 
Quarry,  two  miles  south  of  Dairy,  Ayrshire. 

ClisiophyUum  svhimbricatum,     Thomson.     Sp.  nov. 
Plate  VII.,  Figs.  2,  2a,  2b,  and  2c. 

Specific  Characters. — Corallum  simple,  moderately  tall,  corneal, 
and  curved.  The  epitheca  is  stout,  with  minute  eneirclijig  lines 
and  irregular  annulations  of  growth.    The  calice  is  sub-ellqitioal  in 
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outline,  and  shallow.  The  conical  boss  in  the  centre  of  its  floor  is 
slightly  raised  above  the  inner  ends  of  the  primary  septa,  and  two- 
thirds  of  the  lamelke  fold  round  and  clasp  the  median  crest  on  its 
crown,  and  present  a  sub-overlapping  aspect;  while  a  portion  of  the 
lamellse  on  the  other  side  of  the  boss  converge  inwards  in  a  more 
or  less  slanting  direction  to  the  median  crest  on  the  crown  of  the 
columella,  and  at  their  outer  ends  are  attached  to  the  inner  ends  of 
the  primary  septa  by  a  system  of  angular  plates,  and  all  are  unitea 
by  irregular  interlamellar  dissepiments.  The  septa  are  bilamellar 
for  three-fourths  of  their  length  from  their  inner  ends.  In  the 
outer  zone  they  are  thin  and  more  or  less  flexuous.  There  are 
seven  interlamellar  plates  in  the  space  of  a  line.  There  are  fifty- 
six  primary,  alternating  with  an  equal  number  of  secondary  septa, 
and  all  are  united  by  rectangular  interseptal  dissepiments  in  the 
outer  (''  interseptal'')  zone  and  in  the  intermediate  (''  interlocular") 
area,  which  are  remote  and  few  in  number.  The  fossula  is  mode- 
rately large,  and  two  of  the  primary  septa,  of  shorter  length 
than  the  others,  extend  into  it. 

Height  of  corallum,  2f  inches ;  cUameter  of  section,  1  inch  3^ 
lines  by  1  inch  1  line. 

Formation,  Ca/rboni/erous;  Locality, — Found  in  the  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  in  Broadstone  Quanyt 
near  Beith,  Ayrshire. 

This  remarkable  specimen  is  readily  distinguished  from  Clia. 
KeyserHngi,  its  nearest  ally,  from  the  fact  that  it  combines  the 
characters  of  ClisiophyUtmt  on  the  one  side  of  the  central  area, 
where  the  lamellae  are  seen  to  converge  inwards,  and  more  or 
less  to  fold  round  the  median  crest,  and  on  the  other  side  to 
Bhodophyllum,  from  the  fieu^t  that  the  lamellse  are  less  regular, 
and  present  an  imbricated  aspect  They  also  fold  roimd  and 
clasp  the  central  area  (Figs.  2a,  2b,  and  2c).  All  represent 
sections  taken  from  different  parts  of  the  same  corallum.  The 
structural  details  of  the  central  area  are  somewhat  different, 
and  might  be  regarded  as  belonging  to  different  species;  but, 
as  stated  in  a  former  communication  to  the  Society,  Proceed, 
Phil  Soc  of  Glasgow,  voL  xL,  No.  2,  page  326 — "  In  the  great 
majority  of  cases  the  structural  characters  in  the  central  area,  in 
the  earlier  stages  of  growth,  are  usually  the  prototype  of  the 
mature  corallum,  unless  in  such  cases  as  those  where  the  growth 
has  been  interfered  with,  and  in  passage  forms."  This  species, 
being  one  of  the  passage  forms  between  the  genus  Clieiophyllum 
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and  that  of  RhodophyUum,  arising  from  some  incident  during  the 
life  of  the  polypi,  which  gave  rise  to  the  altered  structural  character, 
regarding  which,  with  our  present  knowledge,  I  am  unable  to 
explain,  unless  by  the  doctrine  of  evolution.  Meanwhile  I  deem 
it  right  to  record  all  such  peculiarities,  in  order  that  we  may  by- 
and-by  arrive  at  a  satisfactory  explanation  of  structural  details  so 
much  at  variance. 


Clisiophyllum  irregular e.     Thomson.     Sp.  no  v. 

Plate  VII.,  Pig.  3. 

Specific  CJuvracters, — Corallum  simple,  imperfect,  conical,  and 
curved.  The  epitheca  is  stout,  and  marked  with  encircling  lines 
and  shallow  annulations  of  growth.  The  calice  is  wanting.  In  a 
transverse  section  the  central  area  is  broad,  and  elliptical  in  out- 
line. The  endothecal  tissue  is  irregular.  On  one  side  three  of  the 
lamellae  are  seen  to  converge  inwards  to  the  median  crest,  while  in 
the  other  portion  of  the  central  area  the  endothecal  tissue  is  in*e- 
gular,  and  presents  a  confused  mass.  The  septa  are  of  two  orders. 
The  primary  are  bilamellar  for  four-fifths  of  their  length  from  their 
inner  ends.  In  the  outer  zone  they  are  single  and  thin.  There 
are  ten  interlamellar  plates  in  the  space  of  a  line,  which  in  the 
longitudinal  section  are  seen  to  converge  inwards  and  downwards. 
There  are  sixty-two  primary,  alternating  with  an  equal  number  of 
secondary  septa.  The  latter  extend  inwards  from  the  periphery 
for  two-thirds  of  the  length  of  the  primary,  and  all  are  united  by 
a  broad  zone  of  interseptcd  dissepiments  in  the  outer  (''  interseptal  "*) 
area,  and  in  the  intermediate  ('^interlocular'^)  area  they  are  few  and 
remote,  and  a  portion  of  the  endothecal  tissue  extends  into  the 
interlocular  area.  The  fossula  is  small,  and  two  primary  septa,  of 
shorter  length  than  the  others,  extend  into  it. 

Height  of  corallum,  imperfect.  The  calice  and  a  portion  of  the 
lower  extremity  is  wanting.  The  specimen  is  2  inches  long  and  1 
inch  7  lines  broad  at  the  superior  extremity. 

Formatio7i,Carboniferou8 ;  Locality, — Found  in  the  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  in  Broadstone  Quarry, 
near  Beith,  Ayshire. 

This  I'emarkable  species  differs  so  much  from  all  the  other  qpedes 
of  the  genus  that  it  can  at  all  times  be  distinguished  by  chanurters 
of  an  unusually  distinct  nature.     Indeed,  previous  to  making  a 
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longitudinal  section,  I  was  disposed  to  place  it  amongst  the  passage 
forms  of  the  genus  RhodophyUum,  But  the  longitudinal  section 
exposes  the  median  line,  extending  from  the  inferior  to  the  superior 
extremity  of  the  corallum,  the  distinguishing  character  of  the  genus 
ClinophyUum.  It  ia  noteworthy  that  I  have  found  this  remarkable 
variety  of  the  genus  in  no  other  locality  in  Scotland  than  in  Broad- 
stone  and  Gateside,  which  is  contiguous. 

Clisiophyllum  subplicatum.     Thomson.     Sp.  nov. 

Plate  VII.,  Figs.  4  and  4a. 

Specific  Characters. — Coi-allum  simple,  moderately  tall,  conical 
aud  curved.  The  epitheca  is  thin,  and  the  outer  ends  of  the 
septa  are  exposed  through  the  delicate  covering,  and  is  marked 
with  minute  crenulate  encircling  lines  and  irregular  shallow 
aiinulations  of  growth.  The  calice  is  deep  and  thin  around  the 
periphery,  and  the  centre  of  its  floor  is  occupied  by  a  broad 
conical  bo^,  and  the  lamellae  are  exposed  plicating  around  the 
anterior  half;  while  those  on  the  half  on  the  dorsal  &rce  converge 
inwards  and  upwards  to  the  median  crest,  presenting  characters 
which  belong  to  the  species  Keyaerlingi,  hipa/rtitum,  and  inihri- 
catum.  The  septa  are  bilamellar  for  two-thirds  of  their  length 
from  their  inner  ends,  and  thin  and  single  in  the  outer  zone. 
There  are  eleven  interlamellar  plates  in  the  space  of  a  line,  which 
in  the  longitudinal  section  are  seen  to  converge  inwards  and 
downwards  between  the  laminae  of  each  septum.  There  are  fifty- 
eight  primary,  alternating  with  an  equal  number  of  secondary 
septa,  and  all  are  luiited  by  rectangular  interseptal  dissepiments 
in  the  outer  (''interseptal'')  zone,  which  in  the  intermediate 
C'  interlocular  ")  area  are  few  and  wide  apart 

The  longitudinal  section  is  triareal.  The  central  area  exposes 
the  columellar  line,  extending  from  the  inferior  to  the  superior 
extremity  of  the  corallum,  and  the  broad  zone  of  convex  endo- 
thecal  tissue,  convexity  pointing  upwards  and  outwards.  Tlie 
intermediate  ("interlocular")  area  is  occupied  by  irregular  tabulse; 
and  the  outer  (**  interseptal ")  area  is  composed  of  convex  inter- 
septal dissepiments,  convexity  pointing  inwards  and  upwards,  and 
arranged  in  oblique  rows.  The  septal  fossula  is  moderately  large, 
and  a  primary  septum,  of  shorter  length  than  the  others,  extends 
into  it. 
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Height  of  corallum,  2  inches  10  lines ;  diameter,  1  inch  4  lines. 

Formatunij  Carboniferous;  Locality, — Found  in  the  band  of  shale 
that  overlies  the  lowest  bed  of  limestone  in  Broadstone  Quarry, 
near  Beith,  Ayrshire. 

This  remarkable  species  is  distinguished  by  characters  of  an 
unusually  marked  kind.  In  the  central  area  there  are  exposed 
the  lamellae  of  Ci/,  bipartitum  in  one  portion,  in  another  the 
lamellae  of  Cy.  Keyserlingi,  while  on  the  larger  proportion  of  the 
central  area  the  lamellae  are  not  so  regular.  They  more  or  less 
plicate  over  each  other,  the  latter  characteristic  largely  pre- 
dominating, suggested  the  specific  name. 

Clistophyllum  centrocellulosum,     Thomson.     Sp.  nov. 

Plate  VII.,  Fig.  «. 

Specific  Characters, — Corallum  simple,  tall,  cylindro-<5onical,  and 
curved.  The  epitheca  is  stout>  and  marked  with  delicate  en- 
circling lines  and  irregular  annulations  of  growth.  The  calice 
is  moderately  deep  and  thin  around  the  lips,  and  the  centre  of 
its  floor  is  occupied  by  a  conical  boss,  with  a  broad  elongated 
apex.  The  septa  are  long  and  moderately  stout  There  are  sixty- 
four  primary,  alternating  with  an  equal  number  of  secondary 
septa;  the  latter  extends  inwards  from  the  periphery  for  half  the 
length  of  the  primary,  and  all  are  united  by  a  broad  zone  of 
interseptal  dissepiments.  In  the  outer  (^'  interseptal ")  zone  and 
in  the  intermediate  {'^  interlocular  **)  area  they  are  few  in  number 
and  wide  apart  The  primary  septa  are  bilamellar  for  foiu'-fifths 
of  their  length  from  their  inner  ends.  In  the  outer  zone  they  are 
single  and  thin.  There  are  six  interlamellar  plates  in  the  space  of 
a  line.  A  transverse  section  exposes  the  cut  ends  of  twenty-two 
lamellae,  which  are  united  to  the  inner  ends  of  the  primary  septa 
by  the  intervention  of  a  system  of  angular  plates,  and  each  is 
united  by  rectangular  interlamellar  dissepiments,  and  the  centre 
of  the  central  area  is  occupied  by  a  group  of  convex  cells,  con- 
vexity pointing  outwards,  and  which  are  the  cut  ends  of  the 
cellular  tissue  that  foims  the  broad  apex  of  the  crown  of  the 
conical  boss,  and  may  be  regarded  as  a  passage  form  between 
Clisiophyllum  and  that  of  Aspidiophylltim.  The  septal  fossula  is 
small,  and  a  septum,  of  shorter  length  than  the  others,  extends 
into  it 


Mr.  Jas.  Thomson  on  a  New  Family  of  RtigoaB  Corah.    545 

Height  of  corallum,  4|  inches  ;  diameter  of  calice,  1  inch  7 
lines. 

Formation^  Carbwii/erous ;  ZoccUitj/, — Found  in  the  band  of 
shale  that  is  three  feet  abo\ne  the  lowest  bed  of  limestone  in  Cktte- 
side  Quarry,  near  Beith,  Ayrshira 

This  species  is  characterised  by  the  broad  crest  on  the  crown  of 
the  conical  boss,  and  by  the  cellular  tissue  in  the  centre  of  the 
central  area,  as  seen  in  transverse  section,  and  by  the  central  area 
being  proportionately  smaller  than  it  is  in  Cits,  GeinitZy  its  nearest 
ally,  and  its  more  cylindrical  form. 


EXPLANATION  OF  PLATES. 

Plate  L 

Fig.  L — Cyclophyllum,  a  restoration  of  what  I  conceive  was  the  external 
aspect  of  the  polyp  when  in  Ufe,  showing  the  doable  circlet  of 
tentacles  on  the  superior  extremity  of  the  corallum. 

Plate  II. 

Fig.  1. — Cyclophyllum  fungUea  (Ure),  represents  the  external  aspect  of  the 
original  coral  figured  in  "  The  History  of  Rntherglen  and  East 
Kilbride,"  page  317,  plate  20,  fig.  6,  1793;  taken  from  a  photo- 
graph before  the  specimen  was  cut. 

„  1a. — A  transverse  section  of  the  same,  natural  size,  exposing  the 
structure  of  the  corallum  at  the  part  where  the  transverse  line 
is  represented  in  fig.  1. 
1b. — A  longitudinal  section  of  the  same,  natural  size.  The  letter  b 
points.to  a  small  portion  of  the  interlamellar  striffi  exposed  where 
the  corallum  was  curved.  In  cutting  the  longitudinal  section  at 
the  curved  part,  the  section  passes  diagonally  between  the 
lamellse  of  the  septa,  and  thus  exposes  the  stria.  Lower  car- 
boniferous. Shields,  £!ast  Kilbride,  Lanarkshire  (?) 
3. — CyelophyUum  Ureianum,  Thomson,  Sp.  nov.,  showing  in  outline  the 
superior  extremity  of  the  corallum,  and  the  double  cup  in  the 
centre  of  the  calicular  cavity,  and  the  structural  details  of  the 
cylindrical  columella. 

,,  3a. — A  transverse  section  of  the  same,  natural  size,  exposing  a  trans- 
verse section  of  the  structural  details  of  the  central  area.  Lower 
carboniferous,  Petershill  Quarry,  Bathgate,  Linlithgowshire. 
4. — Represents  a  weathered  specimen,  showing  the  tubular  columeUse 
and  the  internal  structure,  and  how  a  portion  of  the  plates  of  the 
intermediate  ("interlocular'')  area  extend,  and  fold  round  and 
clasp  the  wall  of  the  tubular  columella.  Lower  carboniferous, 
Cunningham,  Bedland  Quarry,  near  Dairy,  Ayrshire. 
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oi. — A  loDgitiidinal  section  of  the  same.  This  spedmen  was  much 
corred,  consequently  the  section  is  cnt  more  or  less  diagonally, 
and  thos  exposes  the  interlamellar  stria  of  the  septa  at  b. 
Lower  carbooiferoos,  Gameshill  Qnairj,  near  Donlopy  Ayr- 
shire. 

t?. — Cjfciopkjfttmm  biacumimatvfMj  Thomson,  a  trsnsrerse  section, 
natural  sixe.  Lower  carboniferous,  Roughwood,  Betth.  Ayrshire. 

7. — OfclopkjfQum  paehjfendolkgcvMy  Thomson,  sp.  nor.,  a  tnnsvene 
section,  natural  size.  Lower  carboniferous,  Brockltry,  Lesma- 
hagow,  Lanarkshire. 

S.— Cyclop^ jf Hum  oboratum^  Thomson,  sp.  nor.,  a  trsjisrerae  section, 
natural  size.     Lower  carboniferous,  Tream,  Beith,  Ayrshire. 

9. — CjfclopkjfUmm  ScomlfriaMum,  Thomson,  s^  nor.,  a  trsnsrerse  section, 
natural   size.      Lower  carboniferous,   Brockley,   Lesmahagow, 


♦f 
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10. — Cychpk^Uum  Dumcanianum,  Thomson,  sp.  nor.,  a  transrerse  sec- 
tion, natural  size.  Lower  carboniferous,  Brockley,  Lesmaha- 
gow, Lanarkshire. 

II. — CffclophyllHm  eUiptieum,  Thomson,  sp.  nov.,  a  transrerse  section, 
natural  size.  Lower  carboniferous,  Roughwood,  Beith,  Ayrshire. 
.,  12. — CydopkjfQum  or^n/irm,  Thomson,  sp.  noT.,  a  transverse  aection, 
natural  size.     Lower  carboniferous,  Tream,  Beith,  Ayrshire. 

Plate  IIL 

Fig.  1. — Cjfchphyibnm  CarpemterioHMmy  Thomson,  sp.  noT.,  a  longitudinsl 
section,  natural  size,  exposing  the  structural  details  of  the  brosd 
tubular  columella  and  interiameDar  stris. 
1a. — A  transrerse  section  of  the  same,  natural  sixe.  Lower  carbon- 
iferous, Poneil  Water,  Brockley,  Lesmahagow,  Lanarkshire. 
2. — Cffdophylhim  BenmiekLWtm,  Thomson,  sp.  nor.,  showing  the  ex- 
ternal aspect  and  the  double  cup  at  the  superior  extremity  of 

the  corallum. 
2a,  2b,  and  2a — Are  transverse  sections  of  the  same,      lliis  specimen 

is  cut  at  six  different  parts  of  the  corallum.  de  sections  here 
represented  are  from  the  parts  indicated  by  the  transverse  lines, 
in  order  to  show  that  in  a  distinct  and  normal  coraUum  the 
structural  details  are  constant  and  persistent  tfavooghoat. 
3. — Cifclophyllnm  M*KendriekianMmj  Thomson,  qfi.  nor.,  a  transverse 
section,  natural  size.  In  this  section  is  reptesented  a  foreign 
body  that  has  got  embedded  into  the  interioenlar  ana  and  has 
arrested  temporarily  the  secretion  of  the  sderodermio  matter 
above,  and  below  this  section  the  septal  system  is  in  no  way 
interfered  with.  Lower  carboniferous,  Petenhill  QoaRj,  Bath- 
gate, Linlithgowshire. 
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Fig.  4. — CydophyUwrn  curviUmeare^  Thomson,  sp.  nov.,  a  transverse  section, 
natural  size.    Lower  carboniferons,  Petershill  Qnarry,  Bathgate, 
Linlithgowshira 
5. — Cyelophyllum  coneentricum^  Thomson,  sp.  nov.,  a  transverse  sectiou, 
natnral  size.     Lower  carboniferons,  Gameshill,  Dnnlop,  Ayr- 
shire. 
6. — Cydophyllum  eylindrieum,  Thomson,  sp.  nov.,  a  transverse  section, 
natural  size.     Lower  carboniferous,  Petershill,  Bathgate,  Lin- 
lithgowshire. 
7. — Cyclophyilum /rondieum,  Thomson,  sp.  nov.,  a  transverse  section, 
natural  size.    Lower  carboniferous,  Catscndg,  Dunbar,  Hadding- 
tonshire. 
8. — Cydophyllum  tortuosum,  Thomson,  sp.  nov.,  a  transverse  section, 
natural  size.     Lower  carboniferous,   Petershill,  Bathgate,  Lin- 
lithgowshire. 
9. — Cyclophyilum  pamdoxacum,  Thomson,  sp.  nov.,  a  transverse  sec- 
tion, natural  size.     Lower  carboniferous,  Brockley,  Lesmahagow, 
Lanarkshire. 
,,  10. — Cyclophyilum  intermedium,  Thomson,  sp.  nov.,  a  transverse  section, 
natural  size.    Lower  carboniferous,  Nettlehurst,  Beith,  Ayrshire. 
„  11. — Cyclophyilum  radianum,  Thomson,  sp.  nov.,  a  transverse  section, 
natural  size.      Lower  carboniferous,  Petershill,  Bathgate,  Lin- 
lithgowshire. 
„  12. — Cydophyllum  Jlloieleyianum,  Thomson,  sp.  nov.,  a  transverse  sec- 
tion, natural  size.      Lower  carboniferous,  Tream,  Beith,  Ayr- 
shire. 
,,  13. — Cydophyllum  venciilarum,  Thomson,  sp.  nov.,  a  transverse  sec- 
tion, natural  size.     Lower  carboniferous,  Petershill,  Bathgate, 
Linlithgowshire. 

Plate  IV. 

Fig.  1. — Aulophyllum  Patricbianum,  Thomson,  sp.  nov.,  a  transverse  sec- 
tion, natural  size,  showing  the  length  of  the  lamellsB,  extending 
over  the  superior  face  of  the  tabulse  to  near  the  centre  of  the 
central  area. 
1a. — A  longitudinal  section  of  the  same  natural  size,  exhibiting  the 
broad  tabulae  in  the  central  area,  which  are  seen  very  much 
broader  than  is  exposed  in  the  transverse  section,  and  which 
suggested  to  me  that  the  lamelkB  did  not  intersect  the  tabulae, 
but  rested  upon  their  superior  faces.  Lower  carboniferous, 
Langside,  Beith,  Ayrshire. 
2. — Aulophyllum  /unyites,  Edwards  and  Haime,  a  transverse  section, 
natural  size,  showing  the  superior  extremity  of  the  tabulae,  the 
minute  lamella,  and  how  these  are  united  to  the  inner  end  of 
the  primaiy  septa  by  a  system  of  convex  plates.  Lower  car- 
boniferous, Petershill,  Bathgate,  Linlithgowshire. 
„  3. — Aulophyllum  Edwardeianum,  Duncan  and  Thomson,  a  transverse 
section,  natural  size.  Lower  carboniferous,  Brockley,  Lesmahagow, 
Lanariuhire. 
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Fig.  4  b.— Another  transverse  section  of  the  same,  natural  size.  This  species 
has  been  cut  into  six  different  sections— 4  represents  the  struc- 
ture one  inch  from  the  superior  extremity  of  the  corallum;  4a 
is  taken  from  two  inches  from  the  calice;  and  4b  represents  the 
structural  details  three  inches  from  the  calice,  and  one  inch 
from  the  lower  extremity  of  the  corallum. 

„  5. — Clinophyllum  Bowerbanki,  Edwards  and  Haime,  a  transverse  section, 
natural  size,  the  dark  spaces  are  elongated  cells,  with  a  distinct 
double  wall,  enclosing  minute  ovular  bodies. 

,,    5a.— A  longitudinal  section  of  the  same,  natural  size,  showing  the  form 
and  arrangement  of  the  calice  with  the  conical  boss  in  the  centre. 
The  median  line  and  the  vesicular  convex  tissue  on  either  side. 
Langside,  Beith,  Ayrshire. 
6. — Clinophyllum  conoseptum,  Keys,  a  transverse  section,  natural  size. 

Lower  carboniferous,  Charleston,  Fifeshire. 
T.—Clisiophyllum  den8q)hyUumy  Thomson,  sp.  nov.,  a  transverse  sec- 
tion, natural  size.     Lower  carboniferous,  Petershill,  Bathgate, 
Linlithgowshire. 

Plate  VI. 

Fig.  1. — ClUiophyllum  gratuUcunif  Thomson,  sp.  nov.,  a  transverse  section, 
natural  size. 
1a. — A  longitudinal  section  of  the  same,  natural  size,  exposing  the 
median  line  and  the  narrow  zone  of  convex  plates  on  either 
side.  This  corallum  is  twisted  near  the  upper  part  of  the  speci- 
men. Lower  carboniferous,  Langside,  Beith,  Ayrshire. 
2. — CUsiophyllufn  Broadstanetanum^  Thomson,  sp.  nov.,  a  transverse 

section,  natural  size. 
2a. — ^A  longitudinal  section  of  the  same,  natural  size,  showing  the 
irregular  median  line  and  dense  convex  tissue  on  either  side. 
This  species  is  found  more  abundant  in  this  locality  than  in  any 
other  locality  that  I  have  yet  visited.    Lower  carboniferous, 
Broadstone,  Beith,  Ajrrshire. 
,,    S.— Clinophyllum  QtnUaianum^  Thomson,  sp.  nov.,  a  transverse  sec- 
tion, natural  size,  exhibiting  a  small  group  of  ovuler  bodies  on 
one  side  of  the  central  area. 
,,     3a. — A  longitudinal  section  of  the  same,  natural  size,  exposing  the 
median  line  and  the  interlamraellar  stria.    Lower  carboniferous, 
Broadstone,  Beith,  Ayrshire. 
4. — CUsiophyUum  eleganie,  Thomson,  sp.  nov.,  a  transverse  section, 
natural  size.    Lower  carboniferous,  Broadstone,  Beith,  Ayrshire. 
5. — CUncphyUum  o&rup^um,  Thomson,  sp.  nov.,  a  transverse  section, 
showing  the  abrupt  termination  of  a  number  of  the  septa,  the 
broad  central  area,  and  the  cut  ends  of  the  sparse  lamella. 
,,     5a. — ^A  longitudinal  section  of  the  same,  natural  size,  showing  the 
dense  vesicular  tissue  in  either  side  of  the  median  line.      Lower 
carboniferous,  Gateside,  Beith,  Ayrshire. 
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fcLCMmUn  of  the  structural  details  of  the  interesting  group  to  which  that 
species  belongs. 

To  Professor  James  Dana,  LL.D.,  Yale  College,  Kewhaven,  C.S., 
America,  my  thanks  are  specially  due,  for  the  important  aid  his  original 
paper  on  the  genus  ClisiophyUum  afforded  me. 

For  the  important  aid  in  being  allowed  to  examine  the  tjrpes  of  several 
of  the  species,  I  desire  to  express  my  full  acknowledgments  to  Professor 
Edwards,  of  Paris ;  to  Professor  L.  G.  de  Koninck,  of  Li^ge,  Belgium ;  to 
Robert  Etheridge,  Sen.,  Esq.,  F.R.S.,  London;  to  W.  H.  Bailey,  Esq., 
F.G.S.,  Dublin;  to  Edward  Tawney,  Esq.,  F.G.S.  (then  Curator  of  the 
Museum,  Bristol,  now  of  the  Woodwardian  Collection,  Cambridge).  To 
Robert  Craige,  Esq.,  Langside,  Beith,  for  much  valuable  assistance  in 
collecting  a  number  of  the  specimens  and  important  information  re- 
garding the  stratigraphical  position  of  many  of  the  species,  my  special 
thanks  are  due;  and  to  Mr.  James  Bennie,  of  the  Geological  Survey 
Staff  of  Scotland,  I  wish  to  express  my  thanks  for  aiding  me  in  discovering 
what  I  believe  is  the  locality  where  the  Rev.  David  Ure  discovered  his 
coraL 

And  I  wish  further  to  say,  that  if  the  results  have  been  long  of  being 
issued,  the  delay  arose  from  a  desire  to  make  my  inquiry  as  complete  as  it 
was  possible  for  me  to  do,  prompted  from  a  knowledge  of  the  diversity  of 
opinions  fully  expressed  in  the  works  of  Milne-Edwards  and  Julius  Haime 
and  that  of  Professor  M*Coy.  I  wish  to  add,  that  I  might  have  added 
a  great  many  more  of  the  varieties  of  the  genera  of  CliMophyllum  and 
Cyclophyllum,  but  I  hope  that  what  is  illustrated  and  described  wiU  be 
accepted  as  of  sufficient  value  in  warranting  me  in  issuing  the  present 
communication. 

In  conclusion,  I  beg  to  state  that  in  no  instance  have  I  introduced  a  new 
species  unless  I  possessed  duplicates  of  such,  and  in  all  cases  I  have  given 
the  localities  only  for  those  species  discovered.  By-and-by,  when  my 
investigations  will  warrant,  and  the  specimens  from  each  of  the  other 
localities  have  been  sectioned,  I  hope  to  prepare  a  more  detailed  and 
extended  list  of  the  forms  found  in  each  of  the  localities. 
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XIY.— The  Works  of  the  late  CharleeWiUon,  Esq,:  born  19th  June^ 
1810,  died  6th  February,  1863.  By  David  Thomson,  Esq., 
LA.,  F.R.I.B.A. 


[Read  before  the  Architectural  SectioD,  13th  March,  1882.] 


With  your  leave,  I  purpose  bringing  before  you  this  evening  a 
short  account  of  the  principal  works  executed  by  the  late  Mr. 
Wilson,  and  will  endeavour  to  do  so  in  a  somewhat  chronological 
order,  as  we  may  thereby  be  enabled  to  trace,  in  some  measure, 
the  progress  and  development  of  his  taste,  genius,  and  characteris- 
tics, and  mark  the  influences  which  were  at  work,  moulding, 
changing,  and  enlarging  the  public  taste  during  the  interesting 
and  eventful  period  embraced  between  the  years  1830  and  1860. 

Mr.  Wilson  had  the  great  good  fortune  of  being  trained  to  the 
profession  in  the  office  of  David  Hamilton,  an  architect  of  surpass- 
ing abilities,  great  reputation,  and  in  extensive  practice  ;  and  from 
the  first  he  was  brought  into  contact  with  a  mind  dignified  and 
expansive,  enriched  by  the  study  of  architecture  as  developed 
under  the  enobling  influence  of  classic  art,  and  skilled  in  a  high 
degree  in  all  the  best  principles  and  traditions  of  the  builders' 
craft.  Mr.  Wilson  was  the  son  of  a  builder,  and  was  engaged  in 
assisting  his  father  in  the  business  for  some  year  or  two  before  he 
entered  Mr.  Hamilton's  office,  and  we  suppose  the  knowledge 
acquired  with  his  father  was  of  service  to  him  in  the  way  of  pre- 
paring him  to  absorb  and  assimilate  more  readily  the  lessons 
revealed  to  him  through  his  office  work ;  certain  it  is  that  he  soon 
became  a  favourite  pupil,  and  in  a  few  years  was  promoted  to  the 
chief  seat  in  the  office.  In  this  position  he  had  ample  opportunity 
aflbrded  him  of  becoming  intimately  acquainted  with  all  the 
thoughts,  motives,  and  aspirations  which  a  great  master  in  art 
sought  to  give  expression  to  in  his  works,  the  expedients  by  which 
he  overcame  the  difficulties  that  arose,  and  the  considerate  care, 
forethought,  and  constructive  skill  by  which  the  works  planned 
were  carried  to  completion.  While  in  this  position,  Mr.  Wilson 
had  the  good  fortune  to  be  engaged  on  Hamilton  Palace,  Lennox 
Castle,   Toward   Castle,    the  Hoyal  Exchange,   Campgie  PSuish 
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Oliurch,  St  Paul's  Church,  the  Normal  Schools,  and  some  other 
large  though  less  noted  works. 

Mr.  Wilson  entered  Mr.  Hamilton's  office  in  1827,  and  left  it 
to  begin  business  on  his  own  account  in  1837,  in  which  year  he 
designed  Hutchesontown  Church,  Hospital  Street  I  have  hung 
up  a  plan  and  elevation  of  this  church,  so  that  you  may  see  the 
arrangements  then  deemed  suitable,  and  the  quality  in  architectural 
treatment  then  aimed  at  by  Mr.  Wilson.  The  arrangements  are 
all  good,  though  of  the  plainer  sort,  and  perhaps  the  only  part 
calling  for  special  note  is  the  recessed  entrance  and  the  very  effec- 
tive doorway,  which  is  the  central  and  most  marked  feature  of  the 
elevation.  The  details  are  all  clear  and  elegant,  though  simple  in 
combination,  and  all  is  in  fine  harmony.  A  high  arched  portal 
has  never  become  a  common  feature  in  our  churches — the  why  we 
cannot  tell,  for  certainly  we  see  how,  even  in  so  plain  a  design  as 
this,  a  dignified  effect  may  thus  be  gained.  I  cannot  help  recalling 
to  your  minds  another  good  example  of  this  high  portal,  by  Mr. 
Stephen,  in  the  Free  Tron  Church,  North  Dundas  Street,  and  you 
will  there  see  the  idea  more  developed  and  enriched. 

The  church  at  Strathbungo  was  built  from  Mr.  Wilson's  designs 
in  1839,  but  remained  minus  its  belfry  till  a  recent  time.  The 
belfry  is  not  by  him,  but  ia  not  out  of  umson  with  the  original 
The  style  is  of  €k>thic  type,  the  arches  being  round,  not  pointed, 
and  though  the  details  are  all  very  simple  they  are  well  propor- 
tioned, and  show  a  knowledge  and  appreciation  of  the  detail 
peculiar  to  the  round  arched  Gothic  of  Normandy. 

About  this  time  Mr.  Wilson  built  another  church,  in  which  he 
showed  a  predilection  for  Greek  art,  and  the  marked  success 
attending  this  effort  makes  one  regret  he  did  not  meet  with  such 
encouragement  as  to  lead  him  to  prosecute  more  consistently  this 
s^le.  Many  of  his  sketch  designs  of  this  period  are  strongly 
marked  by  a  fine  sense  of  the  sweet  placidity  of  Greek  composition. 
I  have  only  been  able  to  exhibit  a  rough  tracing  of  this  church, 
Mr.  Duncan's,  which  was  built  in  Calderwood  Street,  off  Parlia- 
mentary Road,  and  is  now  partly  demolished,  and  converted  into 
a  workshop. 

I  have  put  up  alongside  a  sketch  design  by  Mr.  Wilson  of  this 
date  for  a  villa,  that  you  may  see  in  what  direction  his  thoughts 
and  inclinations  were  tending. 

You  will  observe  that  the  plan  of  the  church  is  in  the  form  of 
a  cross,  one  arm  being  but  slightly  projected — and  in  this  arm  is 
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placed  the  pulpit.  Galleries  fill  the  remaining  arms,  and  the 
whole  congregation  is  brought  within  a  very  moderate  radius  of 
the  pulpit.  This  arrangement  of  plan  you  will  find  often  recurring 
in  Mr.  Wilson's  works,  and,  though  not  always  so  plainly  expressed 
as  here,  you  will  find  in  all  his  churches  the  constant  endeavour  b 
made  to  have  the  bulk  of  the  congi'egation  gathered  round  within 
an  equal  and  moderate  radius  of  the  preacher.  Mr.  Wilson's 
strong  sense  of  the  fitness  of  things  withheld  him  at  all  times  from 
adopting  the  long  drawn  aisles  to  Presbyterian  churches. 

In  1840  Mr.  Wilson  was  employed  in  laying  out  the  Botanic 
Gardens,  Sknd  in  building  the  gate  lodge  and  curator's  house.  In 
the  plan  of  this  house  you  will  observe  a  careful  adjustment  of  the 
arrangements,  with  a  view  to  preserve  the  comfort  and  amenity  of 
the  interior,  and  a  strictly  symmetrical  disposition,  combined  with 
variety  and  good  contrast  in  the  outlines,  resulting  in  a  well- 
oalanced  and  effective  exterior,  treated  in  a  somewhat  plain  Italian 
manner,  contrasting  well  with  the  rounded  bossy  forms  of  the  sur- 
rounding trees  and  foliage. 

I  would  direct  attention  to  the  manner  in  which  the  entrance 
is  placed  at  the  side,  not  in  the  centre  of  the  front ;  how  the  corridor 
is  lighted  by  a  window  in  the  end,  and  the  staircase  is  at  the  side 
of  hall.  This  was  an  arrangement  not  common  in  those  days,  even 
in  the  best  suburban  dwellings,  but  one  you  will  find  Mr.  Wilson 
striving  to  perfect  in  all  his  best  works.  Let  me  endeavour,  here 
and  at  once,  to  give  you  my  explanation  of  the  merits  of  this  plan 
over  the  more  common  one  of  entering  through  the  centre  of  the 
front  into  the  hall,  at  opposite  end  of  which  is  the  principal  stair. 
The  entrance  being  at  the  extremity,  and  on  side  of  corridor,  offers 
an  impediment  to  the  rush  of  air  when  the  door  is  opened,  causing 
it  to  eddy  round  and  loose  its  force  before  passing  to  the  interior. 
The  window  at  end  lights  up  the  corridor  better  than  can  be  done 
by  a  glass  door,  and  permits  the  inmates  while  passing  throng 
the  corridor  to  enjoy  a  glimpse  of  the  outer  world  and  sky,  without 
fear  of  being  looked  in  upon  by  a  chance  caller. 

A  stand  for  flowers  placed  in  this  window  adds  a  grace  and 
charm  to  the  interior,  and  when  draped  with  curtains  gives  a  feel- 
ing of  warmth  and  comfort  to  the  corridor,  raising  it  in  an  sestlietic 
sense  far  above  the  prosaic  aspect  inseparable  from  the  ether, 
however  highly  decorated.  Again,  when  the  staircase  i&  placed, 
not  at  the  end  of  the  lobby  opposite  the  entrance,  but  on  a  side, 
you  do  not  on  entering  look  straight  up  the  stair  and  take  in  at  a 
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glance  the  whole  extent  and  appointments  of  the  house,  but  as 
you  advance  the  staircase  opens  out  to  view,  and  the  light  from 
its  window  streams  down  and  across  the  lobby,  producing  a  more 
pleasing  and  varied  effect  of  light  and  shade.  In  the  one  case  the 
lights  streaming  in  from  door  and  window  at  either  end  of  hall 
neutralize  each  other,  and  the  forms  and  details  of  door  and  stair- 
case are  thrown  into  shadow  against  strong  lights,  which  fill  the 
eye  and  prevent  it  resting  quietly  on  the  objects  about;  whereas, 
by  crossing  the  lights  from  staircase  and  corridor  windows,  all 
objects  in  the  hall  are  more  clearly  seen,  the  wall  decorations  are 
more  equally  lighted,  and  a  more  pleasing  effect  of  light  and  shade 
is  produced. 

Bearing  in  mind  these  considerations,  I  will  ask  you  to  look  at 
a  design  for  a  much  superior  villa,  made  for  a  Mr.  Freeland  in 
1841.  In  it  you  will  find  the  same  careful  symmetry  of  disposi- 
tion, without  formality.  The  entrance  is  again  at  one  side,  through 
a  porch  opening  upon  an  inner  hall  of  good  dimensions,  having  in 
it  a  flight  of  steps  by  which  the  corridor  of  the  house  is  reached. 
In  the  side  of  corridor  is  placed  a  wide  handsome  staircase,  the 
window  of  which  lights  the  corridor  also.  I  have  always  regarded 
this  design  as  one  of  the  happiest  of  all  Mr.  Wilson's  works.  The 
elevations  are  beautifully  proportioned,  chaste,  and  effective;  a 
classic  feeling  of  breadth  and  symmetry  pervades  the  whole,  while 
'  the  outlines  and  details  have  much  variety  and  graceful,  pleasing 
contrasts.  Mark  the  effective  setting  of  the  openings,  and  the 
fine  contrast  produced  by  the  fine  rusticated  basement. 

About  this  time  Mr.  Wilson  was  commissioned  to  prepare  designs 
for  the  Lunatic  Asylum  atGartnavel,and  preparatory  to  it  he  visited, 
along  with  Dr.  Macintosh,  many  of  the  best  asylums  in  England 
and  Franca  When  finished,  in  1843,  it  was  considered  one  of 
the  most  perfect  works  of  the  kind  in  this  country,  and  though, 
from  some  changes  in  the  treatment  of  patients,  it  no  longer  holds 
a  first  rank  as  regards  its  internal  arrangements,  it  is  still  held  in 
high  esteem  by  asylum  authorities.  Dr.  Yellowlees,  the  present 
chief  medical  officer,  states  that  ''the  construction  and  arrange- 
ments were  far  in  advance  of  their  day,  and  even  yet  compare 
favourably  with  many  more  modem  asylums.'' 

The  buildings  are  divided  into  two  blocks,  for  the  reception  of 

patients  of  a  first  and  second  class,  and  the  space  between  is 

reserved  for  the  erection  of  a  church,  when  funds  permit.     In  each 

block  the  same  system  of  arrangements  is  adopted,  which  consists 
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in  ha^-ing  the  entrance,  reception-rooms,  and  officers'  dwellings  in 
the  centre,  with  long  galleries  on  either  hand,  running  along  the 
whole  front  between  the  centre  and  wings.  These  galleries  are 
half  width  of  the  building,  the  half  behind  being  divided  into  dor- 
mitories, each  holding  one  bed.  They  are  entered  from  the 
galleries,  and  lighted  by  windows  in  the  back  wall  The  wings 
are  occupied  with  wards,  having  several  beds  in  each,  attendants' 
rooms,  and  the  requisite  baths  and  other  conveniences. 

The  elevations  are  designed  in  a  somewhat  plain  Tudor  style — a 
style  well  suited  to  the  production  of  an  effective  pile  of  buildings, 
of  an  aspect  sufficiently  dignified  and  becoming  for  a  great  public 
work,  and  of  moderate  cost.  An  examination  of  the  drawings 
exhibited  will  show  how,  with  great  sagacity,  the  style  has  been 
moulded  to  suit  the  necessary  requirements. 

On  a  near  approach  to  the  buildings,  you  find  that  there  are  no 
oriel  windows,  no  projected  porches,  no  clock-towers,  with  buttresses 
and  high  pinnacles,  the  usual  constituents  of  the  style;  and  you  look 
to  see  by  what  means  the  rich  group  and  picturesque  assemblage 
of  outlines,  so  attractive  at  a  distance,  has  been  brought  about, 
and  you  find  that  it  is  produced  chiefly  by  the  disposition  of  the 
building  into  com|)artments,  the  centres  and  wings  of  which  are 
projected,  and  raised  one  storey  higher  than  the  rest,  and  that  a 
few  pinnacles — some  ten  in  all — on  the  angles  of  these  projecting 
wings  are  carried  high  above  the  level  of  the  parapets,  and  that  ' 
what  looked  like  pinnacles  at  a  distance  are  the  very  necessaiy 
chimney  stacks,  so  well  disposed  and  outlined  that  they  have  an 
equally  good  effect  when  examined  near.  The  walls  are  all  finished 
with  battlemented  parapets,  and  these  are  enriched  and  varied  so 
as  to  increase  the  elevating  effect  of  the  upright  lines,  which  pre- 
dominate in  the  fronts.  You  will  see  from  the  elevation  shown 
that,  should  the  church  bo  carried  out,  and  this  design  adhered  to, 
the  effect  of  the  buildings  will  be  greatly  enhanced,  and  the  unity 
of  the  group  completed.  The  buildings  cost  about  X56,000,  and 
were  completed  in  a  little  over  two  years,  so  that  the  architect 
must  have  had  a  busy  time  of  it  arranging  all  its  varied  details 
and  attending  to  the  gi*eat  increase  of  commissions  which  the  edat 
of  this  work  naturally  attracted.  In  this  design  we  have  an 
example  of  how  a  large  work  may  be  arranged  so  as  to  be  efiSsctive, 
enduring,  and  of  moderate  cost — the  only  purely  ornamental  parts 
being  the  parapets  and  pinnacles  at  their  comers.  I  have  some- 
times thought  that  the  introduction  of  parapets  and  balustnuks 
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added  needlessly  to  the  cost  of  buildings,  and  that  with  gables  and 
overhanging  roofs  greater  contrast  and  more  effectual  light  and 
shade  could  be  obtained ;  and  so,  I  doubt  not,  it  may,  and  that  for 
cottages  and  private  dwellings  the  overhanging  roof  is  in  many 
cases  to  be  preferred.  But,  when  we  are  dealing  with  public 
buildings,  a  primary  duty  is  laid  upon  the  architect,  so  to  arrange 
the  work  that  it  will  l>e  very  durable,  seldom  require  repair,  and 
will  not  necessitate  that  constant,  watchful  care  inseparable  from 
woodwork  exposed  to  the  malign  influences  of  this  climate.  A 
judicious  architect  will  therefore,  in  public  buildings,  refrain  from 
using  the  more  cheap  and  ornate  wood  cornicing  in  favour  of  the 
more  costly  stone  cornice  or  parapet,  even  though  the  cost  has  to 
bo  made  iip  by  dispensing  with  some  decorative  feature& 

While  the  Asylum  buildings  were  in  progress,  Mr.  Wilson 
carried  out  many  small  houses  on  Partickhill,  some  tenements  on 
Gramethill,  a  block  of  warehouses  on  north  side  of  St.  Vincent 
Street  (between  Renlield  and  West  Nile  Streets),  and  the  toll- 
house which  stood  at  head  of  Eglinton  Street  till  a  few  years  ago 
I  have  come  upon  the  plans  for  this  toll-house,  and  hang  them  up 
to  show  you  how  scrupulously  careful  Mr.  Wilson  was  with  every- 
thing entrusted  to  him.  The  arrangements  will  admit  of  careful 
inspection,  and  show  how  effective  a  simple  mode  of  treatment  may 
be  made. 

In  1845  Windsor  Terrace  was  begun.  This  was  the  first  built 
of  the  many  palatial  terraces  which  now  adorn  the  Great  Western 
Road,  and  in  elegance  of  arrangements,  quiet  dignity,  and  graceful 
adornment  it  still  holds  its  own  among  them,  and  is  a  very  good 
exponent  of  Mr.  Wilson's  taste  and  skill  in  what  may  be  called 
his  favourite  style.  In  this  Italian  rennaisance  of  a  Florentine 
type  many  of  his  very  best  works  have  been  designed,  and  the  study 
of  their  treatment  and  effective  details  ^ill  repay  the  most  careful 
examination.  In  this  manner  you  will  find  one  property  at  comer 
of  Douglas  and  St.  Vincent  Streets  and  another  on  north  side  of 
London  Street,  all  done  in  this  year.  He  this  year  also  started 
on  a  series  of  churches,  mostly  of  a  Gothic  character ;  but  you 
will  observe  that  in  this  first  church  (Mr.  M*Bride*s  Free  Church, 
Rothesay)  he  prefera  a^ain  the  round  to  the  pointed  arch.  I  sup 
pose  his  sympathies  for  Italian  architecture  may  \ye  the  explanation. 
The  drawing  will  show  you  the  first  spire  designed  and  erected  by 
him,  and  I  would  ask  you  to  note  how  all  the  parts  and  outlines  are 
so  diHposed  as  to  increase  the  effect  of  the  upward  lines  of  the  spire. 
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emptied,  without  coming  in  contact  with  those  leaving  the  area  of 
the  church.  Though  we  have  seen  many  subsequent  attempts 
made  to  adopt  this  plan,  retaining  the  independent  exits,  but 
approaching  the  galleries  from  separate  outer  doors,  or  from  an 
aisle  passage,  we  have  not  yet  seen  all  defects  removed  or  greatly 
modified,  and  commend  the  subject  to  your  earnest  consideration. 
The  problem  may,  I  think,  be  stated  thus — To  arrange  a  church  on 
the  cross  plan,  with  galleries  filling  three  arms,  and  to  have  the 
entrance  to  the  whole  by  one  door,  the  passage  from  that  door  to 
seats  in  galleries  outside  the  area  of  church,  or  disposed  in  such  a 
manner  that  a  late-comer  going  to  a  seat  in  either  gallery  has  not 
to  run  the  gauntlet  of  the  area  as  well  as  the  galleries,  with  at  the 
same  time  independent  exits  from  the  galleries. 

The  situation  and  laying-out  of  Greenock  Cemetery  has  always 
been  highly  spoken  of,  and,  though  less  attractive  to  the  common 
observer,  the  entrance  gateway  has  been  admired  by  all  having 
knowledge  of  architectural  design.  The  design  is  very  chaste  and 
elegant,  more  severe  in  character  than  any  other  work  of  Mr. 
Wilson's  that  I  know  of.  The  details  are  all  delicate  and  in  fine 
harmony,  inclining  to  more  rounded  outlines  than  pedantry  may 
approve  of,  but  all  clear  and  distinct,  beating  a  distinctly  monu- 
mental and  funereal  aspect,  without  tliat  ponderous,  gloomy  look 
80  often  given  to  designs  for  similar  works. 

In  1848  Mr.  Wilson's  chief  works  were  Lewis  Castle,  Eaasay 
House,  Free  St.  James'  Church,  London  Street;  the  Southern 
Necropolis,  and  Messrs.  Alexander's  Mills,  Duke  Street;  and  in 
the  year  following  I  make  note  of  Dudhope  House,  Dundee; 
Shandon  House,  Gareloch ;  Nelson  Endowment  Schools,  Paisley  ; 
the  Free  Churches  of  St  Peter's  and  St.  Stephen's,  Glasgow ;  and 
the  Free  Chuixjh,  Rutherglen. 

I  have  been  able  to  get  together  some  drawings  of  Lewis  Castle 
and  Shandon  House,  and  have  to  explain,  in  reference  to  the  first 
of  these,  that  the  work  was  greatly  extended  at  several  times 
while  the  building  was  in  progress ;  and,  with  regard  to  the  second, 
that  the  centre  part  of  front  building  is  part  of  an  older  structure, 
which,  being  retained,  hindered  greatly  the  development  of  a 
successful  plan. 

There  are  two  evils  under  which  an  architect  has  often  to  labour, 
regretting  the  opportunity  now  missed  of  developing  more  dignified 
treatment,  with  extended  plan,  or  being  obliged  to  retain  a  small 
part  of  an  old  house,  by  which  his  whole  scheme  is  hampered,  con 
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square  on  plan,  with  galleries  on  three  sides,  and,  by  the  disposition 
of  the  iron  columns  carried  up  supporting  roof  and  galleries,  the 
ceiling  is  developed  into  a  cruciform  arrangement,  having  arched 
plaster  vaults  over  nave  and  transepts,  with  intersecting  ribs  at 
their  junction  and  groined  ceilings  over  side  aisles  of  nave.  In 
the  exterior  elevations  the  cruciform  plan  is  brought  out  promi- 
nently by  high  gables  over  the  arms  of  the  cross,  and  marked  still 
further  by  means  of  great  grouped  windows,  placed  high  in  the 
gables.  In  these  designs  the  aim  evidently  is  to  produce  a  compact 
group  of  outlines,  increasing  the  apparent  height  of  the  building, 
and  harmonising  with  the  soaring  lines  of  the  spire. 

The  spires  in  both  churches  are  placed  at  the  comer  where  the 
streets  intersect — not  in  the  centre  of  the  front,  as  had  hitherto 
been  the  practice  in  Glasgow ;  and,  though  one  would  suppose  this 
disposition  obviously  the  most  suitable,  yet  I  may  point  you  to  the 
case  of  Bly thswood  Church,  where  the  spire  is  placed  on  other  side 
of  front  gable,  next  to  the  adjoining  buildings,  with  disastrous 
effect.  I  suppose  the  intention  in  this  case  was  to  counteract  the 
levelling  effects  of  adjoining  tenements  by  interposing  the  massive 
form  and  ascending  lines  of  the  tower,  thereby  preventing  the 
tenements  dwarfing  the  gable  of  the  church  nave;  and,  though  this 
is  secured,  it  is  at  the  sacrifice  of  much  of  the  general  effect  and 
the  weakening  of  the  base  of  tower,  which  appears  to  have  sat 
down  in  a  gap  between  church  and  teneuieiit.  The  obstacles  to 
the  proper  adaptation  of  Gothic  forms  to  city  churches  are  indi- 
cated by  the  cases  I  have  cited ;  and  I  would  ask  you,  bearing  this 
in  mind,  to  look  at  the  front  of  Free  St.  James'  Church,  London 
Street,  the  first  time  you  are  that  way,  and  you  will  see  how 
effectually  Mr.  Wilson  has  in  it  overcome  the  levelling  lines  of 
adjoining  tenements.  The  tower  of  Rutherglen  Church  is  of  very 
pleasing  proportions,  and  the  embattled  and  pinnacled  top  part  is 
graceful  and  picturesque  in  composition,  and  forms  an  attractive 
feature  in  the  ancient  burgh.  You  will  find  few  such  simple, 
graceful,  and  effective  terminations  to  the  towers  of  modem  Crothic 
churches. 

1850-51.  In  these  years  we  find  Mr.  Wilson  more  bu.sy  with 
mansions  than  with  churches,  though  in  these  years  he  executed 
the  Free  Church  at  Melrose,  one  of  his  best,  and  at  this  time  he 
also  carried  out  the  Royal  Bank  Buildiogs,  Buchanan  Street. 

We  will  look  at  the  church  first,  and  follow  up  the  remarks  we 
had  in  view  while  speaking  of  those  other  city  or  town  churches. 
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much  time  to  go  further  into  details  of  arrangement,  but  a  careful 
examination  of  these  plans  will,  I  think,  reward  anyone  who  has 
had  experience  in  grappling  with  the  complex  problems  the  design- 
ing of  such  houses  presents,  and  I  only  note  one  feature  pervading 
them  which  seems  to  me  being  lost  sight  of  in  many  recent  houses 
of  a  like  class.  It  is  this,  all  the  chimneys  are  placed  in  inside 
walls,  and  consequently  many  thick  walls  are  required  to  subdivide 
the  interior.  This  seems  to  me  to  explain  why  many  houses  of 
greater  cost  and  more  elaborate  groupings  and  details  want  in 
dignity  of  effect,  and  have  a  cheapened  though  pretentious  appear- 
ance. The  solidity  in  construction  indicated  by  chimney  stacks 
appearing  through  the  roofs,  back  from  the  front  walls,  and  the 
better  grouping  their  positions  there  affords,  lends  an  air  of  respec- 
tability to  their  exteriors,  however  plain,  which  the  more  ostenta- 
tious disi)lay  of  gables  with  chimney-heads  never  has. 

The  style  adopted  in  Mr.  Baxter's  and  Woodside  House  is 
Italian,  and  that  of  the  other  houses  is  a  modification  of  Scotch 
baronial.  In  both  you  will  find  careful  and  judicious  adjustment 
of  the  i^i-ts,  grouping  and  contrasting  agreeably  with  each  other, 
moderately  rich,  without  redundancy,  as  becoming  the  residence  of 
a  gentleman  of  means  and  culturo.  I  have  exhibited  an  aban- 
<loned  design  for  Woodside  House  in  a  castellated  style,  as  another 
example  of  the  ability  which  Mr.  Wilson  possessed  in  handling 
that  style,  and  which  may  afford  you  some  pleasuro  to  examine. 

As  exponents  of  the  works  being  carried  on  in  the  next  two 
years  (1852-53),  I  have  put  up  some  drawings  of  a  design  for  the 
General  Post  Office,  Glasgow,  and  a  picturesque  villa,  neither  of 
which  were  realised ;  also  plans  of  Lochton  House,  Dundee,  and 
Free  St.  Paul's  Churoh  there.  Besides  these,  Mr.  Wilson  had  on 
hand  Pitcullo  House,  Fife ;  Dunipace  House,  Larbert ;  Messrs. 
'Oilmour  &  Thomson's  warohouses,  Argyll  Street,  opposite  Mitchell 
Street;  and  Mr.  York's  properties,  comer  of  Kelvingrove  and 
Sauchiehall  Streets. 

In  the  year  following  (1854)  he  began  a  house  at  Dundee  for 
Mr.  Edward  Baxter;  the  Faculty  of  Procurators'  Hall,  West 
George  Street;  and  Kelvingrove  Park,  with  its  terrace  houses 
and  grand  stairs. 

In  the  design  of  Lochton  House  you  will  find  a  more  rich  and 
picturesque  treatment  of  the  Scotch  baronial  style,  while  the  plan 
is  exceptionally  good  in  all  its  appointments,  and  is  arranged  upon 
the  principles  we  have  shown  him  to  hold  in  highest  esteem. 


>-  ' 


it*-»*nmit:'i.      v^:~     f 


TT    -^-^  ::nL   xttab    ^ihwitw   =    a^  jj^ob-    rdr  k  -aiit  -nnir  far 
^^  "Si^   Ls^JST'   ^cft  x!^  iffSitccisn.      _  jaa^^  MeflL  ikiiii-  ir  iiii> 

i     fiij-WiC-    g*i.;;;r'    ^    Ti -3lin^    "WrSCC  TJCai^  HSfcOR   ilQUE  fitKVX^ 


--^ ,.._^      ...    ^_ 


3l:k    ^.>:t^  »*<^'f7T>^  jtiiL  it;  ilc^c  be 

lit   uiusr-T^  ▼iisn.  v*  sofe 
nic  iBuc  ixHOL  ncz   c*s^  as 

ra:   aiT«"L.    ot^  bbl  i»''"tc  aw«.^    tHicre  a 


W^  t.«£I 


"tr^uiijji  £2^L    -  'tiii'mraDesxr.  a:  ^tuxi:  xi   k  uarg?  ikS&Jf «  il^  liba:  too. 

na.^  ci^Ljunr  zif  uf'i&L  auL  liif  sii?*siiL  annsscmsLu  a:  ^  Take*  inns: 

out   I  V  "*xijc    di?K!:  snsEaL  ssuusuil  i^  laif  uiflr  ^;iBiazDmt  ot 

iiii  tii^^iri'j-  aoiL  v^  5nikr!&.  ^  imnwrsuiitf  ic  i^  ^^nnxiUmres. 

'Urr   ^i£^?:i!xiLa[L  IT  Tilt  invE^tT  ismv.  loiL  iiH-  :ic9ihr-£mBf^  and 

miri>«c   'efirr:   (f  iik^  tus:^  szac  tdBeif  ix.  lair  isMr  scrx.     Hie 

UlIlllf^    X  111^  inuftRr  -vinai^r^  ixa^iT  rpxm  kda  wzicded  inc^~4i)^ 

KU2L  Kr  yuL  '^Z.  nikr^  JuxisK,  igmKior  £r;im  izxne  u>  time  in 

nrp^jiiOf  ci«£u?2&.  ^'VTTT  lueL  ^vizk  liU9y  cfiec^  sad  ket^  semi  to 

ful  hzri^LrM^t.  rmi^  ofvc^  ui£  i^flbnoB  lo  uie-  ix^joiE^  and  bj 

utf!-*  :•  c.'T^s:  zicimnz^r  oci  mrc^e  cibk:^  liie  ims  of  tlie  coiiun]& 

I  cLuii-r.  ^iks  :c.  -v-hiinci  A^r^frznic  k»  i^  ssall  SBitsiftse  on  wfakh 

ijif^    "-.T-TrTH>  A«<r  ikfC.     I  Ttnii^ixt  litax  at  ife  dme  I  tbouglit 

liiei:.  '- — i*t'v*i;^-y  ':crL  ittTiz;^  saw  t^m  oficsi  seen  CQiumiis  and 

pQers-  v-n2i  tiieir  tjttfe^  luade  lo  rea  <iirKt  v|Mm  die  cofMs  of  faalns- 

iTikS^r?..  cc"  oz.  iiit^  sill  ciL«uisesL  1  kaT-e  XMOwd  ikmt  tbe  effect  was 

iiS^ze.  fcr  -vLen  sf^u  ai  a  disaaMe  die  mmldbigB  of  baae  and 

oc«pef  ax  wared  tc<  ran  tiC^etlier.     On  a  near  Tiev  tke  pnjeecioii  oi 

ocf  «e  hid  jmn  of  l«se;.  azni  an  appeaimnoe  of  weakuni  under  the 

ooinmn  vaa  tite  resoli. 

In  oonjimctkm  wiili  Sir  Joeeph  Faxttn,  Mr.  WUma  at  Uiia 
htffuk  die  laving  oat  of  KdvingraTe  Faik  and  dr«f|^iiinn  ^ 


Mr.  David  Thomson  oh  tJie  Works  of  the  late  Chas.  WUaan,  5G5 

houses  in  Park  Terrace,  Gardens,  Circus,  and  granite  stair.  The 
most  noticeable  novelty  in  these  designs  was  the  profuse  employ- 
ment of  oriels,  and  the  carrying  of  them  up  through  several  storeys. 
In  the  lower  terrace  you  will  perceive  that,  while  the  oriels  are  as 
freely  used,  they  are  square  on  ground  floor  and  octagonal  above 
that  level,  and  that  the  whole  character  of  the  elevation  is  broad 
and  massive,  harmonising  with  and  forming  a  fitting  termination 
to  the  houses  of  Claremont  Terrace,  while  at  the  same  time  the 
level  lines  of  their  mass  forms  a  fitting  base  and  contrast  to  the 
picturesque  groupings  and  broken  and  sweeping  lines  which 
characterise  the  houses  that  crown  the  hill  behind.  Mr.  Wilson 
was  commissioned  by  the  Magistrates  to  design  the  elevations  only, 
and  in  most  instances  designed  the  plans  for  the  builders  and  pro- 
prietors, so  that  he  had  his  hands  well  tilled  with  these  buildings 
for  sevei^al  years.  The  terrace  was,  I  think,  the  first  instance  in 
which  the  Mansard  roof  was  used  in  Glasgow,  and  the  situation 
seems  one  eminently  fitted  for  its  employment.  I  sometimes  wish 
the  fashion  had  been  less  catching,  or  that  (equally  good  sites  were 
found  for  all  the  multitudinous  varieties  we  now  see  on  all  sides. 
The  sweeping  level  lines  of  the  teri-ace,  with  the  high-crested  roofs, 
and  the  projected  parts  rising  at  intervals  into  tower-like  forms, 
terminating  in  these  lichly-wrought  roofs,  accords  well  with  the 
swelling  forms  of  the  hill  and  luxuriant  outlines  of  the  wooded 
park,  which  seems  gathered  up  into  them  as  a  fitting  crown,  and 
is  a  fine  example  of  successful  treatment ;  but  I  have  not  the  same 
admiration  for  the  design  per  se,  or  for  its  details,  as  I  have  for 
the  design  carried  out  in  the  houses  of  the  Circus.  This  design 
seems  to  me  more  clear,  delicate,  and  effective,  and  more  after  the 
spirit  of  Mr.  Wilson's  l)est  works.  The  mode  of  rustication 
employed  on  the  ground  floor  of  the  elevations  to  Circus  are  speci- 
ally worthy  of  your  attention.  The  granite  stair  will  always  form 
an  attractive  featui*e  of  the  Park,  and  deserves  to  be  named  among 
the  most  successful  works  executed  by  Mr.  Wilson.  Its  great  width 
and  height,  and  the  beautiful  material  of  which  it  is  made,  would 
of  themselves  make  it  remarkable,  but  its  grandeur  is  enhanced 
greatly  by  the  skilful  disposition  of  the  greater  and  lesser  piei-s, 
and  the  towering  forms  given  them.  Should  these  great  piers  be 
ever  crowned  with  suitable  sculpture,  the  elegance  and  dignity  of 
the  design  will  be  brought  out  and  become  better  recognised. 

I  have  exhibited  the  drawings  of  two  villas  designed  in  1856. 
Both  are  in  the  Gothic  style,  and  very  similar  in  the  plan  and 
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adapted  to  the  very  limited  area  occupied  by  them.  This  was 
one  of  the  few  instances  in  which  Mr.  Wikon  was  permitted  to 
avail  himself  largely  of  the  sculptor's  art,  and  you  will  note  the 
disposition  of  the  elevation,  by  which  the  sculptured  decorations 
are  fittingly  framed  and  adequately  relieved.  When  the  ball-room 
was  first  used  great  fear  and  trembling  came  upon  the  dancers 
when  they  found  the  floor  yielding  and  responding  to  their  elastic 
motion ;  but  all  else  remaining  stationary,  their  confidence  returned, 
and  they  were  pleased  to  learn  that  the  architect  had  so  designed 
the  floor  that  it  should  yield  and  rise  under  their  moving  weight, 
without  loss  of  stability.  The  flooring  joists  pass  through  iron 
trellis  beams,  and  under  each  joist  are  laid  pads  of  india-rubber — 
hence  the  spring  in  the  floor. 

In  the  two  following  years  the  works  executed  were  Thomlie- 
bank  House ;  a  house  near  the  Sailors'  Home,  Greenock ;  a  house 
at  Dundee,  for  Mr.  Armitstead ;  a  villa  at  Blairmore ;  and  several 
villas  and  cottages  at  Garelochhead  and  Rahane. 

I  have  shown  a  photograph  of  Thomliebank  House,  and  by  it 
you  will  see  that  it  is  after  the  style  of  Lochton,  modified  to  suit 
some  circumstances.  I  also  show  Mr.  Steel's  house  at  Greenock, 
being  in  many  ways  difierent  from  any  of  his  former  designs.  In 
this  plan  he  adopts  the  strictly  classic  arrangement,  entering  at 
the  centre  of  the  front,  with  portico  opening  direct  upon  the 
middle  of  the  halL  The  inner  hall  is  after  the  manner  of  a  coi*tile, 
open  thix)ugh  both  floors,  and  lighted  by  cupola  above,  and  all 
the  apartments  are  entered  direct  from  these  halls,  and  all  fire- 
places are  placed  in  the  four  walls  which  enclose  them.  Tou  will 
observe  that  the  staircase  is  not  seen  from  the  hall,  but  is  placed 
in  a  comer,  and  is  kept  quite  subordinate.  Being  thus  set  apart  as 
the  approach  to  the  private  apartments  only,  it  is  available  also 
as  the  service  stair  to  bedroom  floor. 

I  show  you  also  designs  in  Gothic  and  classic  form  for  a  Free 
Church,  which  were  designed  at  this  time.  They  were  submitted  in 
competition,  the  Gothic  design  being  accepted,  and  working  plans 
and  full  details  prepared.  Some  cause  of  disagreement  subsequently 
arose  among  the  promoters,  and  the  scheme  was  abandoned.  You 
will,  I  think,  agree  with  me  that  the  misfortune  is  one  we  have 
all  reason  to  regret,  as  the  design  possesses  a  novelty  and  grace 
beyond  any  of  Mr.  Wilson's  Gothic  structures,  and  the  example 
might  have  raised  the  public  sentiment  to  the  appreciation  oi 
€k>thic  design,  in  which  all  modern  desires  are  ir^^  xes^Ti^^^  ^ 
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and  assimilated  without  close  adherence  to  precedents  or  implicit 
imitation  of  them. 

Mr.  Wilson  died  in  February,  1863,  and  Glasgow  was  then  in 
very  similar  circumstances  to  what  we  find  her  to-day — ^recovering 
slowly  from  a  great  and  scandalous  commercial  convidsion.  Dur- 
ing the  last  few  years  few  works  of  importance  were  carried  out, 
but  they  include  two  of  his  best  works  in  Scotch  baronial — viz., 
Wester  Moffat  House  and  Rutherglen  Town  Hall*.  These  were 
the  last  he  lived  to  finish,  and  amongst  those  in  hand  may  be 
noted  Eastwood  Church,  St  John's  Episcopal  Church,  Oban,  and 
the  Great  Western  Hotel  and  terrace  there. 

I  have  exhibited  drawings  of  the  Town  Hall,  Rutherglen,  and 
Wester  Moffat,  and  will  content  myself  with  a  very  few  remarks 
concerning  them.  The  requirements  of  the  burgh  necessitated  a 
lesser  hall,  some  offices,  and  shops  on  the  ground  floor,  and  the 
public  hall  had  therefore  to  be  placed  above  them,  thereby  pro- 
ducing a  large  high  edifice  in  strong  contrast  to  the  low  rows  of 
houses  forming  the  background,  and  seeming  to  overpower  the 
whole  surroundings;  but  as  the  street  is  being  rebuilt  with  tene- 
ments this  is  disappearing,  and  the  effect  of  the  hall  and  town  is 
become  more  harmonious. 

You  will  observe  how  well  the  shop  fronts  are  managed  and 
brought  into  harmony  with  the  massive  proportions  of  the  struc- 
ture, and  note  also  how  that  the  great  hall  is  expressed  by  the 
large  oriel  window  in  front  gable,  and  how  the  gable  is  broken  up, 
adding  greatly  to  the  enrichment  and  picturesque  effect  of  tiie 
elevation,  while  it  lessens  the  apparent  breadth  and  height  of  the 
gable,  thus  diminishing  in  some  measure  the  overpowering  effect 
of  its  bulk.  The  details  are  all  well  worthy  your  careful  examina- 
tion, and  I  may  here  state,  for  the  benefit  of  the  curious  in  con- 
structive detail,  that  the  whole  corbelling  of  oriel  window,  which 
is  16  inches  wide  between  scuntions,  is  carried  out  without  any 
beams  or  other  backweight  on  their  tails,  or  iron  joggles  in  their 
joints. 

Wester  Moffat  is  designed  with  a  view  to  pixxluce  a  pile  of  a 
high  castellated  character,  more  like  the  old  baronial  fortalice 
than  any  of  those  other  designs  I  have  shown  you,  and  in  this  it 
is  very  successful.  The  area  of  the  plan  has  been  kept  as  small  as 
possible  and  brought  nearly  to  a  square,  while  the  building  has 
been  raised  upon  a  basement  and  carried  up  to  a  third  floor,  with 
a  square  tower  over  entrance   and  high  turrets  on  the  angles. 
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There  are  no  lower  buildings  attached  to  the  main  part,  detracting 
from  its  height,  and  the  whole  presents  an  assemblage  of  high 
pointed  and  picturesque  forms,  which  group  themselves  up,  and 
form  a  design  of  great  boldness  and  variety.  There  is  an  air  of 
compactness,  breadth,  richness,  unity  of  effect,  and  variety  of  detail 
about  this  house  which  I  have  seldom  seen  equalled;  but^  as  is 
always  the  case,  something  has  been  sacrificed  for  it,  and  I  reckon 
one  of  those  things  to  be  the  placing  of  the  kitchen  offices  in  the 
basement. 

The  drawings  I  have  been  able  to  show  you  are  a  more  eloquent 
exponent  of  Mr.  Wilson's  abilities  as  an  ai*chitect  than  any  com- 
ments I  can  make  on  them ;  but  I  trust  the  remarks  I  have  made, 
hasty  and  fragmentary  as  they  have  been,  may  not  be  altogether 
unprofitable,  or  devoid  of  interest  to  you ;  and,  though  I  feel  that 
I  have  not  laid  sufficient  stress  upon  the  artistic  conceptions  and 
treatment  embodied  in  these  designs,  I  have  perhaps  said  enough 
to  lead  you  to  a  inore  careful  examination  of  any  of  his  works 
that  you  may  chance  to  meet  with,  and  by  seeing  so  many  brought 
together  you  may  the  more  readily  recognise  them. 

Artists — that  is  to  say,  painters  in  oil  and  water  colours — are 
very  much  given  to  pooh-pooh  the  claims  of  aixihitects  to  be  con- 
sidered artists,  on  the  plea  that  works  of  fine  ai-t  are  the  product 
of  the  artist's  indi\'idual  mind  and  hand,  whereas  the  architect's 
conceptions  are  all  worked  out  by  the  hands  of  craftsmen;  but 
one  primary  quality  in  a  time  artist's  work  consists  in  the  harmony 
and  individuality  of  expression  which  characterises  and  pervades 
all  he  touches,  and  makes  the  recognition  of  the  master's  hand  a 
matter  of  ease  and  certainty  to  the  qualified  connoisseur,  and  you 
cannot  leave  the  examination  of  these  designs  without  being 
impressed  by  their  strong  individuality  and  unison  of  expression, 
notwithstanding  the  variety  in  their  style  and  subjects. 
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XV. — Action  0/  Ammonia  on  Fats  at  a  High  Temperature. 

By  T.  N.  Whitelaw. 


[Read  before  the  Chemical  Section,  20th  March,  1882.] 


In  the  ordinary  way  of  conducting  the  hard  soap  manufacture  a 
considerable  amount  of  glycerine  will  remain  mixed  with  the  soap 
after  the  first  running  of  spent  lye,  and  from  the  great  bulk  of  the 
soap  a  second  washing,  while  giving  a  dilute  glycerine,  with  a 
relatively  large  quantity  of  salt,  will  still  leave  glycerine  &r  from 
pei-fectly  removed. 

Again,  in  the  soft  soap  manufacture  the  glycerine  is  left  in  the 
soap,  where  it  probably  serves  no  useful  purpose,  as  good  soft  soap 
can  be  made  free  from  glycerine. 

Considering  such  points,  it  appears  desirable  to  find  some  process 
by  which  the  glycerine  may  be  removed  from  the  fats  before 
beguming  the  soap  manufoctum 

The  decomposition  of  the  fats  by  ammonia  seemed  a  possible 
method  of  obtaining  glycerine  readily  in  a  pure  state,  and  the 
following  experiments  were  undertaken  to  see  if  the  fiittB,  after 
treatment  with  ammonia  at  a  high  temperature,  were  in  a  condition 
suited  for  the  manufacture  of  soap : — 

One  part  of  cottonnseed  oil  was  heated  in  a  sealed  tube,  with 
rather  more  than  an  equal  volume  of  strong  aqueouB  ammonia. 

After  continued  heating  to  100°  C,  no  distinct  decomposition 
seemed  to  take  place,  but  after  24  hours,  with  repeated  agitation, 
the  bulk  of  the  oil  came  to  the  surface,  apparently  unaltered. 
Even  up  to  110*  C.  there  was  no  marked  effect,  but  from  110*  to 
120*  C.  the  oil  became  decomposed  with  comparative  rapidily,  and 
a  clear,  amber-coloured  thick  liquid  took  the  place  of  the  previously 
turbid  mixture  of  oil  and  ammonia,  indicating  clearly  that  decom- 
position was  complete.  When  cold  this  appeared  as  a  soft^ 
yellowish-white,  opaque,  soap-like  mass.  On  heating  for  two  or 
three  hours  in  the  water  bath  the  ammonia  was  driven  off  and  an 
oily  substance  left,  with  a  distinct  sweet  taste,  which  on  washing 
yielded  glycerine.     Tlie  washed  oil  was  heated  with  water,  and 
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weak  caustic  soda  Bolution  added,  drop  by  drop,  when  oofmbination 
took  place  and  a  soap-like  body  formed  ;  but  in  preseooe  of  a  Terr 
slight  excess  of  caustic  soda  the  soapy  compound  was  rendcsred 
insoluble,  and  coagulated  into  a  tough  mass.  A  similar  insolu- 
bility was  obser\'ed  in  presence  of  a  trace  of  common  salt  or 
carbonate  of  soda.  This  at  once  showed  that  the  oil  was  different 
from  ordinary  fatty  acids,  of  which  the  soaps  are  more  soluble  in 
dilute  caustic  soda  or  salt  solutions  than  in  water.  On  adding 
considerable  excess  of  caustic  soda  and  boiling,  no  change  took 
place  until  the  solution  became  concentrated,  when  evolution  of 
ammonia  occurred,  becoming  copious  on  fusion. 

By  this  process,  although  the  glycerine  is  readily  obtained,  the 
oil  is  darkened  in  colour,  and  so  modified  as  to  be  unsuited  for 
soap-making,  and  the  operation  of  driving  the  ammonia  off  by  fusion 
with  caustic  soda  seems  difficult  and  impracticable. 

The  change  in  the  oil  seemed  to  be  due  to  the  fonnation  in  some 
quantity  of  amides  of  the  tatty  adds,  similar  to  those  first  examined 
by  Bouillay  in  1843,  and  further  experiments  were  undertaken  to 
find  if  this  were  really  the  case. 

The  previous  production  of  those  amides  "R-as  by  digestion  of 
the  oils  for  some  months  with  aqueous  or  alcoholic  ammonia,  and 
Garlet  had  only  with  the  solid  fats  used  the  temperature  of  the 
water  or  salt-water  bath,  in  which  case  he  took  from  fifteen  to 
twenty  days  to  get  complete  decom{)osition. 

In  my  experiments  tallow  cake,  palm  oil,  almond  oil,  cotton- 
seed oil,  rosin,  and  crude  palmitic  acid  were  heated  to  120"  C, 
as  previously  described,  with  one  to  one  and  a  half  volumes  of 
aqueous  ammonia,  and  in  each  case,  within  from  three  to  six 
hours,  a  distinct  change  from  turbid  mixture  to  clear,  soap-like 
solution  indicated  the  completion  of  the  reaction. 

In  the  cases  of  almond  oU  and  cotton-seed  oil,  where  the  ammonia 
was  perhaps  more  distinctly  in  excess,  after  four  to  five  hours' 
heating,  a  separation  into  two  layers  seemed  to  indicate  undecom- 
posed  oil,  but,  on  closer  examination,  both  layers  were  found  to  be 
quite  clear  and  soap-like,  the  separation  being  due  probably  to 
insolubility  of  the  amide  in  aqueous  ammonia.  On  cooling,  the 
ammonia  (of  which  the  greater  portion  seemed  to  be  combined 
with  fatty  acids,  as  ammonia  soap)  was  neutralised  with  weak 
hydrochloric  acid^  and  the  oil  obtained  clear  by  boiling,  washed, 
and  dissolved  in  alcohol. 

In  the  case  of  tallow  cake,  the  melting  point  of  the  modified  oil 
Vol.  Xni.— No.  2.  2  q 
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was  28^  C.  higher  than  tJiat  of  the  corresponding  fatty  acids 
obtained  by  saponification  of  the  tallow  cake  with  soda  and 
decomposing  with  acid. 

The  solutions  of  the  oils  from  tallow  eake,  pahn  oil,  and  cotton- 
seed oil,  on  cooling  deposited  white  crystalline  nodules,  which, 
when  purified  by  several  crystallizations  from  alcohol,  had  the 
following  melting  points  (taken  in  a  capillary  tube,  suspended  with 
a  thermometer  in  water,  which  was  gently  heated)  : — 

Tftllow  (stearamide),  lOr  C.  )  Probably 

Palm  oil  (palmitamide),     96^       >      still 

Ck)tton-8eed  oil  (?), 98*"       j  impure. 

Being  sufficiently  near  to  Carlet's  melting  points  of  107*5  for 
stearamide  and  101*  C.  for  palmitamide,  if  allowance  is  made  for 
the  different  methods  of  taking  them. 

The  properties  of  those  bodies  corresponded  with  the  amides 
described  by  Bouillay  in  1843,  Rowney  1855,  and  Cai-let  1859— 
insoluble  in  water,  soluble  easily  in  hot  alcohol,  crystallizing  from 
it  in  white  nodules,  not  decomposed  with  boiling  solution  of 
caustic  soda,  but  decomposed  by  fused  caustic  soda  with  evolution 
of  ammonia. 

The  solution  of  modified  almond  oil  in  hot  alcohol  did  not  give 
any  crystals,  though  other  indications  of  the  presence  of  an  amide 
were  given,  and  I  have  failed  to  get  any  body  corresponding  to 
oleamide. 

The  palmitic  acid,  heated  with  ammonia,  seemed  to  yield  simplj 
ammonia  palmitate,  as  palmitic  acid  was  recovered  from  it  un- 
changed. 

Rosin  was  darkened  in  colour  and  modified  in  odour,  but  did 
not  seem  to  be  otherwise  altered  in  properties. 
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pocojioboo  or  Fm/kmm»im  ^'m  ■rtii 

TheK  c^;ei  ^ff*!*^  *»  d^cr  sasmftZhr  £=.  lior  «0B|wafiaD,  and 
I  ahaD  tlfaHcfor&  ireas  of  Huam  aepnasftfr. 

PtU€a>k9  Ef^ — Tbe  ifii!ici3s«&  cf  dte  pbkaiks  «^  iHiidi  I 
examined  vasabomihe  sk:  of  a  jookci^  tl»^  shell — of  which  only 
a  smaO  portkn  rmahMd — vss  black  in  ookxir,  and  the  interior, 
which  was  eompSeselj  nll<^  ^^m^a^^A  of  two  materials  correqxmd- 
ing  respectiTehr  to  the  white  and  the  joke  of  the  egg.  The  por- 
tion representing  the  white  of  tbe  egg  fanned  the  bolk  of  the 
contentsL  It  was  jellowidi-white  in  colour,  of  a  somewhat  silky 
lustre,  and  translucent  cnrstalline  a{^KaruiceL 

The  part  representing  the  yoke  was  Uack  in  colour,  and  of  a 
somewhat  resinoiis  aspect,  and  it  formed  a  Teiy  small  proportion  of 
the  contents^  As  the  quantity  of  dark-coloured  matter  in  one  egg 
was  too  small  for  a  [m>per  analysis,  I  picked  oat  the  dark-coloured 
portions  from  several  eggfs  and  separated  the  white  as  completely  as 
possible; 

Potayunoo*9  Egga. — ^The  interior  of  the  small  eggs  was  almost 
entirely  filled  with  crystals  of  a  somewhat  pearly   lustr^   and 
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contained  very  little  of  the   black  matter  corresponding  to  the 
joke. 


ANALYSIS  OF  PELICAN'S  EGG. 


WTflTE   PORTION'. 


Potassium  Sulphate, 
Sodium  Sulphate, 
Ammonium  Sulphate, 
Ammonium  Oxalate, 
Ammonium  Chloride, 
Ammonium  Phosphate, 
Free  Acid, 

Soluble  Organic  Matter,  &c. , 
Insoluble  Organic  Matter, 
Calcium  Phosphate,  . 
Silica,        .... 
Water,       .... 


Per  Cent. 
34*48 

10-45 

8-70 

31-07 

112 

2*21 

traces. 

2-74 

-93 
1-58 

•02 
6  70 


100 


Nitrogen, 


9  62. 


BLACK  PORTION  FROM  SEVKRAL  EGOS. 

/Potassium  Sulphate, 
iSodium  Sulphate, 
^*-  lAmmonium  Sulphate, 
ID    JAmmonium  Oxalate, 
jAmmonium  Chloride, 
Water.MiQmonium  Phosphate, 
I  Free  Acid,     . 
^Soluble  Organic  Matter, 

Insol.  i  Organic  Matter  insoluble  in  Water  and  Ether, 
<  Fatty  Matter  soluble  in  Ether,    . 
f  Calcium  Phosphate, 

Water 


in 


Per  Cent. 
2-70 

•95 

1-58 

4-95 

7  08 

5-86 

traces. 

2315 

16-30 

27-60 

3-93 

6-30 


Nitrogen, 


901 


100 


ANALYSIS  OF  SHELL. 

Phosphate  of  Lime, 

Oxalate  of  Lime 

Carbonate  of  Lime,  Alk.  Salts,  &c.,  . 


Per  Cent 
70-33 
none. 
29-67 


100 
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ANALYSIS  OF  POTOYUXCa'S  EGG. 

WHITE  roxnos. 

Per  Cent. 

PotsBshim  Salphftte, 65*95 

Sodium  Solphjite, 17*^ 

Ammoninm  ffalpiirtf 10'70 

Ammoniiim  Onlitr, none. 

Ammonium  Pho^ihate, 1  '74 

Ammoninm  Chloride,        ....*..  '85 

Free  Add, tracee. 

Soluble  Organie  Mjtter,  Ju!L, 40 

Insoluble  Organie  Matter, -83 

Calcinm  Pboaphaie, '56 

Silica, 15 

Water, 84 


100 
Nitrogen,  2*95 

When  we  oompare  these  aiudjseSy  tbe  most  striking  {K)int  of 
difference  is  t^e  ammcmiiiin  oxalate,  which  is  present  in  the  large 
egg  to  the  extent  of  31  per  cent.,  and  absent  in  the  small  one. 
I  am  not  aware  of  the  exact  dejith  at  which  the  specimens  analysed 
were  found,  bat  I  am  inclined  to  think  that  the  small  egg  (nme 
from  a  greater  depth  than  the  large  one,  and,  judging  from  the 
results  obtained  by  Rose  and  Baimcmdiy  I  am  of  opinion  that  the 
proportion  of  oxalate  of  ammonium  decreases  with  the  depth. 
The  question  also  very  naturally  arises — What  is  the  origin  of  the 
substances  found  in  the  interior  of  these  eggs?  The  large  amount 
of  potash  which  they  contain  renders  it  impossible  that  the  salt  can 
have  resulted  wholly  from  an  alteration  of  the  original  contents  of 
the  ^g,  and  they  must  therefore  be  derived  in  part  at  least  from 
infiltration,  which  probably  takes  place  by  a  species  of  eudosmosis. 
We  know,  at  any  rate,  from  the  investigation  of  Chevreuil,  that 
oxalate  of  ammonium  and  potash  salts  are  normal  constituents  of 
Peruvian  guano ;  and  according  to  Shephard,  there  is  a  mineral, 
which  he  has  called  guanapite,  found  in  rounded  masses  and  veins 
in  the  Peruvian  deposits,  which  consists  of  sulphate  of  potassium, 
sulphate  of  ammonium,  and  a  small  quantity  of  oxalate  of 
ammonium,  so  that  we  have  no  difficulty  in  tracing  the  source  of 
at  least  a  great  portion  of  the  constituents  of  these  ^ggs  to  the 
guano  itself. 
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[Read  before  the  Sodelj.  29tli  Mareh,  1882.] 


Ths  inTestigmtioos  apoQ  vhiek  I  have  been  mgaged  for  the  past 
two  yenn  are  of  a  kiikd  whidi,  while  thej  do  not  in  themselves 
yield  anj  striking  resnltSy  do  nevertheless  prepare  the  way  through 
which  we  may  gain  entrance  to  a  region  as  yet  nntrodden  by 
investigaton. 

The  chemistiy  of  the  present  day  has  been  developed  in  the 
direction  of  easiest  progress  or  '*  least  resistance/'  and  henee  all 
the  resolts  obtained  are  of  one  type.  If  we  treat  the  entire  region 
of  chemical  investigatitxi  as  space  of  three  dimensiiMis — the 
dimensions  being  temperature,  pressorey  and  time — then  we  find 
that  if  we  consider  one  of  these  measures — pressare — the  whole 
science  of  chemistry  has  been  devd<^ped  along  that  pressare  we 
call  one  atmosphere  or  ordinary  pressure.  When  ccnnpared  with 
the  ptiessnres  produced  by  the  attraction  of  molecules,  this  prasnie 
is  a  very  small  one  indeed.  The  range  of  experiments  in  tem- 
perature is  also  very  limited,  while  the  relation  of  time  to  diemicsl 
action  is  only  now  being  touched  upon  by  chemists.  A  oomj^eie 
knowledge  of  the  velocity  of  chemical  changes  would  yield  us 
information  of  the  probable  mechanism  of  those  dianges^  and  » 
one  of  the  most  important  elements  with  which  chemists  can  deal 
Pressure,  on  the  other  hand,  giving  us  measures  of  velocity  and 
elasticity,  is  of  great  importance  in  yielding  us  knowledge  as 
regards  the  mechanical  constitution  of  matter,  and,  as  it  is  govern- 
able, it  may  be  used  to  cause  chemical  action  to  proceed  in  whatever 
fashion  we  may  desire.  I  had  the  pleasure  of  showing  to  this 
Society  some  years  ago  that  the  present  chemistry  was  entirely 
moulded  by  the  one  agent — water — and  that  if  scMne  menstmm 
other  than  water  were  used  a  quite  different  chemistry  .would 
ensue.  I  showed  that  the  constitution  of  bodies  mi^^  be  ^piite 
different  from  our  present  conception  of  them,  and  also  that 
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elements  other  than  carbon  might  become  the  basis  of  organic 
systems,  provided  that  water  be  excluded. 

It  is  now  my  pleasing  task  to  lay  before  yon  the  results  of  the 
preliminary  work  undertaken,  with  the  view  of  ascertaining 
whether  other  systems  of  chemistry  might  not  exist  besides  the 
one  atmosphere-pressure  chemistry  of  the  present  day.  In  carrying 
out  this  work,  it  was  often  found  convenient  to  associate  high 
temperature  with  pressure,  as  the  increase  of  temperature,  by 
increasing  the  molecular  velocity,  deci^eased  the  time  required  for 
the  completion  of  a  i^eaction. 

The  experiments  which  had  already  been  made  upon  liquid 
matter  at  high  temperature  and  pressure,  had  left  the  question  as 
to  what  condition  any  temperature  and  pressure  corresponded  to 
in  a  quite  unanswered  state. 

Cagniard  de  Latour,  the  earliest  worker  in  this  field,  noticed 
that,  when  a  liquid  inclosed  in  a  glass  tube  was  heated,  a  point 
was  reached  where  the  meniscus,  indicating  the  existence  of  liquid, 
disappeared,  and  the  contents  of  the  tube  became,  according  to  his 
idea,  gaseous.  Dr.  Andrews  entered  into  a  long  investigation  of 
the  pressure  of  the  saturated  vapour  of  liquid  carbon  dioxide,  and 
came  to  the  conclusion  that,  under  given  conditions,  the  liquid  and 
gaseous  states  of  matter  were  continuous.  After  two  years  of 
continuous  investigation,  with  a  great  variety  of  substances,  I 
have  arrived  at  the  conclusion  that  the  liquid  and  gaseous  states 
of  matter  are  always  capable  of  definition,  and  are  not  more  con- 
tinuous than  are  the  solid  and  liquid  states  of  matter.  In  the 
discussion  of  such  a  subject  as  the  states  of  matter,  it  is  absolutely 
necessary  that  the  states  spoken  of  should  be  clearly  defined,  and 
that  the  definition  should  admit  of  experimental  proof,  and  it  is  in 
these  two  points  that  Andrews,  for  the  want  of  correct  definition, 
drifted  into  the  position  of  imcertainty  which  his  Bakerian  lecture 
shows  he  occupied.  The  definition  which  I  have  adopted,  as 
describing  a  liquid,  is — a  fluid  which  exhibits  surface  tension. 
This  is  the  whole  index  of  the  liquid  condition.  A  gas,  on  the 
other  hand,  is  a  fluid  which  does  not  exhibit  this  property,  and 
which  mixes  in  any  proportion  with  any  other  gas.  These  defini- 
tions are  capable  of  being  put  to  practical  test,  under  any 
condition,  where  matter  is  observable.  The  only  test  applied  by 
Andrews  to  the  fluid  with  which  he  was  experimenting  was  that 
of  pressure.  Now,  the  tension  of  the  vapour  of  a  substance  is  one 
of  those  phenomena  which  has  not  yet  received  its  real  explanation. 
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cohesion  or  repulsion.  Now,  as  the  repulsive  force  (the  one  which 
varies)  depends  upon  velocity,  and  not  at  all  upon  density — that 
is  to  say,  it  depends  upon  the  force  of  the  blow  one  molecule  can 
give  another,  and  not  at  all  upon  the  number  of  molecules  moving 
— the  point  where  the  liquid  state  ends  depends  entirely  upon 
temperature  and  not  at  all  upon  pressure.  The  critical  point 
discovered  by  Baron  Cagniard  de  Latour,  and  made  the  subject  of 
careful  investigation  by  Andrews,  is  the  only  point  where  the 
direct  passage  from  gas  to  liquid  can  be  visible,  because  at  any 
lower  pressure  the  liquid  boils,  and  at  any  higher  pressure  there 
is  no  free  surface  to  observe  any  change.  The  question  I  put  to 
myself  early  in  my  investigations  was — Is  there  any  method  of 
obtaining  a  free  surface  at  pressures  greater  than  the  '*  critical"? 
And  I  found  that  there  was.  Hydrogen  gas  is  almost  insoluble 
in  many  liquids  quite  up  to  their  critical  points;  in  fact,  I  believe 
in  some  cases  the  solubility  decreases  with  the  rise  of  temperature, 
notwithstanding  the  great  rise  in  pressure.  In  this  way  a  large 
number  of  experiments  were  conducted,  and  are  embodied  in  a 
paper  read  before  the  Royal  Society,*  in  which  it  is  clearly  shown 
that  at  any  pressure  (up  to  at  least  three  times  the  critical 
pressure)  a  fluid  exhibits  capillarity,  or  surface  tension,  and  will 
not  with  a  gas  so  long  as  its  temperature  is  under  the  critical 
temperature;  but  it  ceases  to  exhibit  these  phenomena,  and 
diffuses  perfectly  into  any  other  gas  the  moment  its  temperature 
is  raised  a  fraction  of  a  degree  over  the  critical  temperature. 
From  this  it  will  be  seen  that  the  liquid  and  gaseous  states  are 
no  more  continuous  than  are  the  liquid  and  solid  states  in  the 
case  of  a  solid,  which  does  not  change  its  volume  on  liquifying. 
So  we  see  that  Andrews  mistook  continuity  of  pressure  for  con- 
tinuity of  state.  Although  there  is  no  change  of  volume  at  the 
critical  point,  there  is  change  of  state,  and  the  case  could  be 
paralleled  by  compressing  liquid  water  till  its  freezing  point  was 
lowered  to  that  temperature  where  its  liquid  and  solid  volumes 
were  equal.  In  this  state  it  would  be  impossible,  without  the 
intervention  of  a  third  substance,  or  some  dynamical  method,  to  tell 
whether  the  water  existed  in  the  liquid  or  solid  form.  Apparently 
the  solid  and  liquid  states  would  be  continuous,  and  measurements 
of  pressure  would  support  this  view,  just  as  they  did  with  Andrews. 
But  the  water  would  exist  in  one  state  or  the  other. 
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pore  compounds  as  well  as  their  eTaminannn,  the  work  will  nol  be 

completed  for  some  dme  jec     Soch  resnha  aa  I  haTe  ohiainwi. 

however,  I  will  lay  b^jre  joa.     The  ^Te  aimhok  methjl,  cthjl, 

l^ropyl,  but jl,  and  amjL  were  carefoUy  pmiiiwi  fiom  their  ooiik 

mercial  impxnidesy  and  distilled  off  qnick  lime  tiQ  Iheir  boiling 

points  were  constant.     Portions  of  them  were  then 

the  pressare  apparatiis»  and  their  critical  points  determined^ 
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it  was  found  that  the  increase  of  complexity  in  their  composi- 
tion was  accompanied  by  a  rise  in  the  temperature  and  a. fall 
in  the  pressure  of  the  critical  point  The  examination  of  the 
ethers  and  acids  is  not  yet  sufficiently  advanced  to  yield  any 
definite  information,  bat  the  olefines  and  paraffins  have  been 
examined  in  sufficient  series  to  draw  some  conclusions.  Thus 
from  an  examination  of  the  three  olefines,  amylene,  heptylene,  and 
octylene,  it  is  found  that  at  their  critical  points  they  all  exert  the 
same  pressure,  but  for  every  addition  of  CH^  the  temperature 
rises  by  about  31^.  An  examination  of  the  paraffins,  sextane, 
septane,  octane,  and  nonane,  shows  that  while  the  temperature  of 
the  critical  point  rises  with  every  addition  of  CH, ,  the  pressure 
fidls.  From  this  ftu^t  we  find  the  very  curious  conclusion  that 
with  increase  of  complexity  the  liquid  and  gaseous  states  gradually 
approach  each  other  till  there  would  be  only  one  boiling  point — 
the  critical  point. 

Capillarity  may  be  taken  as  an  index  of  the  liquid  state,  in  so 
far  as  it  exhibits  to  us  as  a  surface  of  liquid  raised  above,  or 
depressed  below  the  general  level,  owing  to  its  reaction  with  a 
solid.  An  examination  of  the  capillary  height  of  a  liquid  at 
different  temperatures  reveals  the  fact  that  the  height  decreases 
with  rise  of  temperature,  till  the  critical  point  is  reached,  when 
the  levels  outside  and  inside  the  finest  tube  are  equal.  Here,  then, 
we  have  a  mode  of  measuring  the  amount  of  attraction  of  the 
liquid  molecules,  or  of  determining  the  liquidness  of  a  fluid.  It 
was  found  that  at  whatever  pressure  this  might  be  tested — the 
pressure  merely  of  the  liquid's  vapour  or  high  pressure  obtained 
by  compressing  hydrogen  over  the  liquid — the  capillarity  always 
became  zero  at  the  temperature  of  the  critical  point  And  this  is 
found  to  be  the  case.  Curves  were  drawn  from  observations  of  the 
variations  of  vapour  tensions  with  temperatui-c  and  points  of  equal 
vapour  tension  marked  on  the  curve  of  each  alcohoL  The  alcohol 
was  then  heated  to  that  temperature,  and  the  capillary  height  noted 
in  a  standard  tube  kept  for  these  experimenta  It  might  be 
thought  that  all  liquids,  at  equal  vapour  pressures,  would  i*ise  to 
an  equal  height  in  a  capillary  tub^  But  such  is  not  the  case. 
Take  the  two  bodies  amylene  and  octylene,  which  have  the  same 
pressures  at  their  critical  points,  but  these  points  are  separated  by 
nearly  100^,  and  we  find  that  at  the  temperatures  of  10''  and  66*5'' 
respectively,  where  their  vapour  tensions  are  equal,  their  capillari- 
ties are  in  the  ratio  of  6*7  to  7*2.     It  will  be  seen,  however,  from 
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cleaned,  then  filled  with  fusible  metal,  and  inverted  in  a  bath  of 
the  same  metal,  leaving  a  torricellian  vacuum  at  the  top.  The 
glass  at  the  top  was  then  heated  slowly  till  it  began  to  soften, 
when  sufficient  gas  was  given  off  to  lower  the  barometer  by  about 
3  mm.,  and  on  cooling,  a  permanent  depression  of  2  mm. 
remained.  The  results  of  a  long  investigation  of  vacua  will 
shoi-tly  be  published  in  the  Phil.  Mag.*  Suffice  it  to  say  that  from 
this  investigation  it  became  clear  that  glass  is  penetrable  to  gas 
to  a  very  serious  extent,  and  any  so-called  vacuum  is  very  rapidly 
deteriorated  by  the  gas  escaping  from  the  glass  surface.  I  have 
attempted  in  several  cases  to  estimate  the  rate  at  which  this 
deterioration  takes  place;  but  my  results  are  very  discordant  as 
yet.  I  have  examined  several  other  surfaces,  such  as  silica  and 
calcium  sulphate,  and  I  find  they  are  also  permeable  to  gases. 
Now,  here  we  have  apparently  the  most  impervious  surfaces 
penetrated  by  gases,  and  I  have  endeavoured  to  picture  to  myself 
what  goes  on  during  that  penetration,  and  what  kind  of  bodies 
they  must  be  which  constitute  the  gases  which  have  this  power. 
And  I  cannot  conceive  of  hard  impenetrable  spherical  atoms 
acting  in  this  way  at  all;  but  such  atoms  as  Sir  Wm.  Thomson 
lias  done  so  much  to  establish  as  realities,  I  mean  vortex  atoms, 
would  just  act  as  my  experiments  lead  me  to  see  that  air  does. 
The  air  clings  to  the  solid  with  very  great  force,  and,  after  a  long 
time,  gradually  insinuates  itself  between  the  molecules,  making  up 
the  solid,  till  it  has  penetrated  some  distance  into  the  surface;  and 
it  is  only  upon  making  the  surface  soft,  and  removing  the  air  from 
the  surface,  that  these  molecules  which  have  penetrated  make 
their  way  out  again.  It  has  been  shown  by  other  experimenters 
that  solids  under  enormous  pressure  behave  like  liquids,  and  react 
upon  each  other,  as  though  they  had  the  power  of  diffusing  into 
each  other;  and  we  also  find  that  under  great  pi*essure  the 
properties  of  gases  approach  nearer  those  of  solids,  as  they  can  be 
made  to  interpenetrate. 


*  Now  published,  Phil.  Mag.,  Apr.,  1882. 
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^III. — Report  of  Examination  of  a  diseased  Salmon  from  L 
Tay^  received  ith  March,  1882.     By  John  Dougall,  M.D. 


[Reid  before  the  Society,  12th  April,  1882L1 


Weight,  31 J  lbs.;  length,  44  inches;  girth,  at  root  of  first  dontal 
fin,  23  inches ;  sex,  nude. 

The  upper  part  of  the  head  from  the  snout  to  an  inch  past  the 
eye  on  both  sides,  the  alveolar  ridges,  part  of  the  palate,  the  whole 
of  the  lower  jaw,  the  lower  part  of  the  gill-covers,  the  breast  to 
about  2  inches  beyond  the  pectoral  fins,  the  anal  fin,  and  a  small 
portion  at  the  root  of  the  tail,  were  more  or  less  covered  with  a 
dark,  brownish-crimson,  spongy  coating,  measuring  at  its  thickest 
paH  about  a  line  in  depth.  From  the  first  to  tlie  second  dorsal 
fin,  and  somewhat  from  the  latter  fin  to  the  tail,  also  on  the  root 
of  the  tail,  thei*e  was  a  gelatinous  deposit  or  coating  not  unlike 
coagulated  lymph.  This  deposit  could  be  easily  peeled  ofi^  but 
small  filaments  or  prooesscs  from  it  were  found  adhering  to  the 
lower  surfoces  of  the  scales. 

Portions  of  this  false  membrane  from  the  inner  part  of  the 
mouth  could  also  be  easily  peeled  ofl^  leaving  the  under  suxfitce  in 
some  parts  normal,  while  in  others  the  epidermis  is  wanting. 

The  coating  I  found  to  be  very  spongy,  and  to  contain  88  per 
o<mt.  of  water.  A  cold  aqueous  solution  of  the  coating  was  highly 
albuminous;  and  a  minute  portion  of  the  juice  pressed  from  it  and 
placed  under  a  ^-inch  object  glass  of  the  microscope  was  found  to 
contain  myriads  of  translucent,  and  particularly  of  opaque,  micro- 
cocci in  active  motion.  I  cannot  say  definitely  whether  this  motion 
was  Brownian  (t.^.,  physical)  or  vitaL 

I  obser\'ed  also  little  bundles  of  fibres,  but  could  not  find  in 
these  any  evidence  of  sporea 

The  inteioial  organs  were  quite  healthy ;  there  was  no  milt  nor 
tape- worm ;  and  the  stomach  contained  a  quantity  of  the  osnal 
thickish  ci'eam-coloured  matter  which  is  found  in  most  saUncms' 
stomachs. 

The  fish  was  in  splendid  condition,  the  muscles  firm  and  pink 
in  colour. 
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XIX. — On  t/ie  Mode  of  MmUal  Intercommunication  in  ThouglU- 
willvng  and  Thought-reading.  By  Hekrt  Muirhead,  M.D., 
Oambuslang. 


[Read  before  the  Society,  12th  April,  1882.] 


Doubtless  it  will  be  in  the  recollection  of  some  of  our  members 
that^  at  the  meeting  of  the  British  Association  in  Glasgow  in  1876, 
Professor  Barrett,  of  the  Eoyal  College  of  Science,  Dublin,  read 
before  the  Ajithropological  Department  a  paper,  entitled  *'0n 
some  Phenomena  associated  with  Abnormal  Conditions  of  Mind." 
In  that  paper  he  described  to  the  audience  certain  phenomena 
which  he  himself  had  induced,  and  had  experimented  on  in  a 
purely  scientific  manner,  with  no  darkening-down  of  lights,  no 
concealed  recesses,  no  professional  medium.  The  discussion  of  the 
paper  gave  rise  to  considerable  display  of  feeling,  and  the  Professor 
was  severely  blamed,  both  then  and  afterwards,  for  bringing  such 
a  disreputable  subject  before  a  scientific  assembly.  At  the  same 
time  it  was — at  least  to  my  thinking — abundantly  evident  that  he 
was  actuated  by  true  scientific  motives,  and  an  earnest  endeavour 
to  examine,  dispassionately  and  accurately,  the  peculiar  manifesta- 
tions that  had  come  under  his  notice. 

I  may  probably  to  some  extent  share  the  fate  of  Professor 
Barrett,  and  be  severely  reprehended  for  bringing  this  tabooed 
subject  before  a  society  styled  philosophical,  more  especially  since 
I  cannot  pretend  to  much  practical  acquaintance  with  the  subject- 
matter  of  controversy.  But^  as  an  onlooker  may  sometimes  catch 
sight  of  something  overlooked  by  the  performers — and  I  fleuicy  I 
have  caught  a  glimpse  of  a  point  of  view  of  considerable  importance 
in  the  interpretation  of  some  of  the  phenomena  exhibited,  a  purely 
^  physical,  and,  it  may  be,  scientific  explanation  of  some  of  the 
startling  departures  from  accustomed  modes  for  acquiring  infor- 
mation and  inclinations — I  have  dai'ed  to  bring  my  view  before 
you,  and,  through  you,  before  the  scientific  world  in  genei-aL 

Professor  Barrett  related  a  number  of  his  own  experiments  with 
unsophisticated,  and  therefore  trustworthy,  subjects.  For  example, 
a  young  girl,  who  had  never  been  out  of  her  native  place  in  the 
south-west  of  Ireland,  being  in  mesmeric  twixvcfe^Yift  \ftc^  >aKt  \sw 


z-siiT!.     I  jiaBXj  fTTf  ijiir  l:^  1  sknzie  Slur.  .fc2i£  •ai>  1*^:  bcrdeo 
]L">  zao*?  ^iii  tritp*^  Knu^f  hjqk  £C  tih  ilisc  Osat*  rofei  dfsisiiir 

I   ft'Ti.  tiiL:  ZL*T  miiiL  'vita^  fioaufviai  rierraHHi  ^  &xccz.:  tor 

Iff 'lb*  TTrart^aniin.  a:  oe^iirM  snr^3b.  'i^ss  iggsimi  »  B^oct  of 

iC  iJL'vaz;£  til!-  sons  &  fr^f^  pOTBirg?  ret  «&  i^  C29m&  vond.    It 


^iL^  r  TV  WciKDtid  «Jus  %:-  i2»f  T«rr  zkext  iDwcsag  oe  like 

wiKn.  ILr  P.tuji,  cft  A  SmuJfcfcT  nmiitc-  ^earcrai  a  kccsrr  en 
^  T^jf^:naiiT  .mc  ibf  Tfte^oB^'^  On  ike  kxser  hang  exkibiicd 
iiZ«£  is>  7c-T-£n  fjiTtiiJikeiL  laie  ikcwgiii  ibiked  vpon  mj  Bixid— 
*  B^?v  wt  hkr-f  &  m.-ide  <i  eaamiB^aang  idess  wkick,  h  Kcms  to 
n* ..  nziT  iiLfi:ir£  &  jcanmaiir  fT|iinnitacMi  of  ■und-fvadizig  mani- 
?;>SAiia«-m5«. '  — «:n£  izLxnMBSeh-  on  leatiug  ike  kctnre^voaai  I  wrote 
w  rV:c  Bi.rrY*^  ?;.-  ike  feufwii^  efect^  as  frr  ss  I  recoBect : — 

^Ix  iisonxj^ic  7w-  Mil  Piwieie's  ledaBre  it  k»  stmck  me  xhX 
ifjrT^:iL^  7difa>:imfSE  wHL  m&>iie  vs  to  airire  at  a  pkOoBOpluciI 
xLDfrTr;<iiaa.iL  .*<:  Uiaw  iku  wkilt  im  BiDd-nadii^  c^aimyvance.  ix: 

*  ix  Mfcou-cjr  rona&aiettckait  ve  kavietkeibUoviDg: — A,vitii 
ikf  as%»>:£ft2ic!f  :c  iji^  indiL  aosiceiivs  certaiii  ideasi  and  ike  brain 
Dr»r»fKT^a25^  ilrvm^  ccnaia  uv-nes  to  ike  Tocal  a{ipaianB»  vkk^ 
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i;mir.x>.-<D9'  itfrikl  aft^uaon  isirs  flmukur  ribntiaBS  in  a  imtilHf 
ri^aM-.  TVsw^  oscdliiMUzs  ixunnqit  a  mignetir  enmnt  timiding 
i^^v  v^^  a  Iioi.vr^  ixdes  Joce^  a  viRL  Tken,  at  a  itiitmnne  of  ft 
kr.n^tr^  xtii»  'Jbe  TsftierrojwA  cmxiobX  chbhl  anotker  ■MUlKr 
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plate  to  vibrate  in  unison  with  the  first  plate ;  and  now  the  air 
around  the  second  plate,  being  set  to  vibrate  by  it^  affects  the  ear 
of  B,  who  is  listening.  *  EUs  auditoiy  apparatus  telegraphs  to  his 
brain,  and  so  causes  B  to  have  ideas  exactly  corresponding  with 
those  of  A,  one  hundred  miles  away.  Now,  not  only  is  this  the 
fact,  but  if  other  wires  happen  to  be  within  a  few  feet  of  our  first 
wire  for  a  short  distance  anywhere  along  its  extent,  these  wires 
may  be  so  affected  by  induction  that  several  other  individuals, 
each  scores  of  miles  apart  from  each  other,  are,  when  listening, 
compelled  to  have  ideas  like  to  those  that  A  and  B  have. 

"  We  see,  therefore,  that  even  unbroken  metallic  communication 
is  not  at  all  necessary  for  the  production  of  idea-inducing  vibra- 
tions. This  being  so,  let  us  remove  the  telephone  and  cease  to 
employ  the  vocal  apparatus.  Merely  let  brain  communicate  with 
brain  by  means  of  etherial  induction  across  air-occupied  space, 
since  we  have  found  that  one  brain:  can  communicate  with  others 
by  etherial  inductioQ  across  air-occupied  space  between  contiguous 
wires.*  We  have  only  to  assume — and  the  assumption  seems  to 
me  quite  logical — that  the  molecularly-induced  vibrations  which 
must  undoubtedly  accompany  brain  action  in  the  mind  of  A,  and 
are  communicated  by  it  to  the  ether  pervading  its  substance,  are  pro- 
pagated to  an  unknown  distance,  doubtless  to  the  ether  pervading 
neighbouring  brains,  and  then  are  able  to  set  up  in  the  brain  of  B 
similar  molecular  vibrations.  If,  then,  these  vibrations  be  intense 
enough,  and  B  peculiarly  sensitive  and  attentive  for  the  nonce, 
they  may  be  able  to  induce  like  action — i,e.,  like  ideas — in  his 
mind,  without  the  intervention  of  better  and  more  accustomed 
modes  of  transfer.  The  alteration  in  the  mode  of  transit  seems  to 
me  to  be  somewhat  analogous  to  leaping  on  board  a  steamer  instead 
of  using  the  gangway." 

Something  to  the  foregoing  effect  was  what  I  wrote  to  Professor 
Barrett. 

I  also  lately  wrote  to  another  man  of  science  (a  physidst)  my 
notion  on  this  subject,  but  he  did  not  see  his  way  to  accepting  it, 
and  inquired,  "  What  is  the  organ  by  which  etherial  waves  affect 
the  brain,  and  how  are  they  conceived  to  act  V*  This,  however, 
was  asking  too  much,  at  least  in  the  present  stage  of  psychological 
physiology,  which  is  only  yet  in  its  infancy.  Indeed,  some  of  our 
foremost  men  affirm  that  even  on  to  hoary-headed  old  age  it  will 
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As  I  said  before,  I  refrain  from  quoting  cases,  but  I  beg  to  refer 
to  a  letter  bj  Prof.  Barrett,  which  appeared  last  July  in  Nature, 
vol.  xxiv.,  page  212,  for  an  excellent  resume  of  the  subject.  In 
that  letter  he  says — ''  Attentive  observation  of  these  experiments 
led  me  to  question  the  accuracy  of  that  explanation  of  the 
phenomena  with  which  Dr.  Carpenter  has  made  us  familar — viz., 
unconscious  muscular  action  on  the  one  side  and  unconscious 
muscular  discernment  on  the  other.  After  making  the  most 
extravagant  allowances  for  the  existence,  in  some  persons,  of  a 
muscular  sense  of  preternatural  acuteness,  there  still  remained  a 
large  residuum  of  facts  wholly  unaccounted  for  on  any  received 
hypothesis.  ♦  *  ♦  A  clergyman  in  Derbyshire  has  five  young 
children,  four  girls  and  one  boy,  from  9  to  14  years  of  age,  all  of 
whom  are  able  to  go  through  the  ordinaiy  performances  of  the 
*'  willing  game  "  rapidly  and  successfully,  vnthout  contact  of  hands 
or  any  communication  besides  the  air  between  the  person  operating 
and  the  svibject  operated  on.  *  *  *  The  father  is  found  to  be 
pre-eminently  the  best  wilier — to  be  in  fact  almost  necessary  for 
the  success  of  the  sensitive  guesser  [t.e.,  mind-reader].  Further 
experiments  showed  that  a  battery  of  minds,  all  intently  fixed  on 
the  same  word,  was  far  more  successful  than  one  or  two  alone. 
Apjiarently  a  nervous  induction  of  the  dominant  idea  in  our  minds 
took  place  in  the  passive  mind  of  the  child,  and  the  experiment 
recalled  the  somewhat  analogous  phenomena  of  electric  and  mag- 
netic induction.  There  seemed  to  be  a  veritable  exoneural  action  of 
mind." 

Some  of  those  who  are  inclined  to  reject  as  utterly  absurd  the 
notion  that  ideas  or  representations  of  objects  can  be  called  up  in 
the  mind  by  the  assistance  of  vibrations  will  please  remember  that 
persons  bom  blind,  who  can  tell  the  comparative  sizes  and  shapes 
of  objects  in  a  room,  can  only  do  so  from  information  sent  them 
through  nerve-conveyed  vibrations.  In  fact,  the  like  holds  good 
in  reference  to  sight.  There  are  no  such  phenomena  as  coloured 
pictures  of  objects  transmitted  from  eye  to  brain,  to  be  kept  there 
for  future  use;  but  merely  pulsations  or  ^dbrations  travelling 
inwards  through  infinitesimally  minute  tubuli  containing  mateiial 
of  the  consistency  of  cream.  Nay,  more,  any  vibration-inducing 
disturbance  affecting  the  optic  nerve,  such  as  pressing,  cutting,  or 
electric  shocks,  can  induce  colour  to  our  consciousness,  showing 
that  the  impingement  of  light-rays  on  the  retina  is  not  absolutely 
necessary  for  that  purpose.      Observe,  however,  \3aftX.  \  vKi^^^wt 
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<;ai  [  mgnwniwl  in  mj  pttper  oa  clue  Senses.  v<>L  x.,  pAge  329)  xh*" 
rmnski  mia — conkml  and  tnmcmoed — are  of  zreac  senioe  in  dedn- 
inc  iOspes  >uiii  iizetiw  ;Aft  nngprs  are  in  Coaching  for  aodi  pur- 
paMf&  Xbe  9ens«^  olE  co^oor  and  die  sense  of  moiar  preasure 
arp  st^Lin^  comcuIsorilT  coKed  to  liaTe  bizxh  in  ns  bT  the  action 
af  ex^ersiil  enticieiSw  wfiereaa  die  ob^ervackm  of  shapes  and  sizes 
throogh  memna  or  seeing-  &nd  sogrhfiig-work  are  oar  own  opera- 
cuaft.  ni  which  ocer&ciana  we  empIoT  concraedle  organs  to  aid  as 
in  sadienns,  idecdiu:,  and  jonin:?  feeiineHniormadoQ. 

Ic  niiiT.  AC  dns  si:rhtL  be  chooghc  that  this  Tiew  militates  heavily 
aeainst  die  aocioa  dL&c  ideas  or  re^«eaentatii>DS  oi  oiijecta  can  be 
ecmveved  PT  means  oc  vibracioos  alone  from  brain  to  brain  withoat 
the  iii=erTi?iitioa  of  mascnlar  assistance.  A  little  redectioii,  how> 
ever.  wiH  fiufice  to  ih«Dw  that  saoh  an  objecdon  does  not  really 
hoid  z'.HxL  Indeed,  cy  means  ot  symbols,  in  i^ieech  and  writing, 
we  ar?  coostandy  ^etzhs^z  Hiea»  raised  in  oar  minds  withoat  need- 
ing to  tnv.e4.  over  the  sar£ic»rs  oi  the  coacrete  objects,  we,  of 
cooth^.  having  h&i  like  ideas  previoosly  in  use.  For  examf^,  if 
I  iav  .:r  wriie  ""  A  bLu!k  dog  is  swimming  after  a  white  duck," 
idea:«  cf  shapes^  sizes,  ooloarsy  and  operadons  inunediatelj  arise  in 
oar  minds  in  consequence  of  vibrations  that  have  no  resemblance 
to  cinv  of  these  phenoaiena.  habitoated  associations  between  the 
vernal  $ymK?ls  and  mental  operatioos  being  amplv  safficient  for 
the  parpcoe. 

Let  OS  now,  in  conchisioa.  take  as  a  basis  to  oar  hjpolhesb 
two  accepted  scientidc  inferences — {a)  The  existence  of  an  all-per- 
■leatinc  echer«  wh^ose  modes  of  vibratioa  induce  the  pheDomeDa 
call  light,  heat,  electric  and  magnetic  activities :  (6)  that  all 
Ltal  acticHi  is  acixmipanied  by  decompositioii  of  brain  sabstance. 
I  think  these  justify  os  in  adopdng  as  a  coroUary  that  all  mental 
activity  necessarily  prt^aces  vibrations  in  the  ether  in  and  aroond 
acting  brains^  which  vibradons  most  be  propagated  in  all  direc- 
dons,  even  throng  ccmtigaoas  brains,  to  a  greater  or  less  extent 
— the  intensitydecreasingas  the  sqaare<tf  the  distance,  other  things 
eqnaL  as  aerial  vibradons  are  propagated  from  a  aoQnding  instro- 
ment. 

This  being  taken  to  represent,  to  a  certain  extent,  the  action 
and  prodnct  of  the  person   **  willing,^  let  us  next  itwwiiifa  what 
may  be  supposed  to  follow  from  the  incidence  o£  the  rihntions  on 
the  brain  of  the  individual  operated  on — the  '*  mind-feader.*^    HhU* 
etherial  vibradons  do  traverse  snch  a  brain  mi^  not  be  fDnnbly 
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<leiiied.  Our  skulls  are  not  as  dense  as  glass,  which  photal 
waves  i)emieate,  or  as  rock  salt,  that  thermal  vibrations  travel 
through.  Some  persons  are  all  but  note-deaf,  while  others  are 
precociously  alive  to  musical  vibrations.  It  may  be  objected 
that  specialized  passages  are  obviously  necessary,  since  we 
have  ears  for  the  express  purpose.  I  reply  that  most  deaf 
mutes  can  keep  better  time  to  dance  music  than  I  can  (who  am 
note-deaf),  the  vibrations  in  their  case  being  transmitted  through 
ordinary  body  tissues.  Kemark  further,  that  tuning-forks  and 
tightened  wires  are  set  a-vibrating  by  the  performance  of  a  large 
orchestra  in  their  neighbourhood,  each  fork  and  yrire,  according 
to  its  pitch,  vibrating  in  consonance  with  some  instrument  of  like 
pitch.  Again,  a  skilled  musician  can,  from  a  numerously-appointed 
orchestra,  select  and  consciously  follow  the  notes  of  any  particular 
instrument.  From  these  illustrations  of  analogous  phenomena, 
we  may  conceive  that  a  i)eculiarly-susceptible  brain  and  individual 
can,  l)y  devoted  attention,  select  and  attend  to  the  particular  vibra- 
tions induced  through  the  mental  activity  of  the  party  acting 
the  role  of  "  willing."  Hence  results  it  that  the  brains  act  in 
unison  and  the  thoughts  are  similar.* 

Since  I  do  not  know  of  any  equally  probable  explanation  of  the 
phenomena  of  mind-reading  having  yet  been  brought  forward,  I 
hope  to  be  excused  for  bringing  the  foregoing  before  you.  I 
acknowledge  to  having  iterated  considei-ably,  but  new  views 
require  iteration  for  their  initial  reception,  not  to  speak  of  their 
formal  recognition. 


*  When  the  impassioned  orator,  his  whole  heart  and  soal  glowing  with 
emotion,  sways  the  multitude  with  like  emotions,  I  imagine  it  is  often 
much  more  through  the  medium  of  intense  mind-wiUing  than  the  logical 
strength  of  his  arguments  that  he  does  so.  It  does  not  seem  to  me  im- 
probable that  Mr.  Home  could  so  far  influence  the  minds  of  those  in  the 
room  with  him  as  to  make  them  imagine  that  they  saw  anything  he 
"  willed  "  them  to  see.  The  instinctive  insight  occasionally  manifested 
by  children  as  to  the  sympathetic  or  unsympathetic  nature  of  a  visitor  may 
to  some  extent  be  due  to  the  agency  assumed  in  the  hypothesis. 

Lastly,  I  should  like  to  ask,  May  not  such  an  agency  be  a  powerful  factor 
in  the  evolution  of  the  **  social  organism?"  And  will  the  Kanto- Hegelian 
admit  it  to  be  a  mode  or  medium  by  which  he  holds  intercourse  with  the 
**  world-consciousness?" 


MINUTES  OF  SESSION. 


nth  May,  18S1.* 

The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
odock,  in  the  New  Buildings,  207  Bath  Street— Dr.  Wallace, 
President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  The  following  were  proposed  as  Members  of  the  Society,  \-iz. : — 

Professor  Jebb,  LL.D.,  University  of  Glasgow.  Recommended 
by  Dr.  Muirhead,  Professor  M'Kendrick.  and  Mr.  John  Mann. 

George  T.  Beatson,  M.D.,  2  Royal  Crescent.  Recommended 
by  Dr.  Muirhead,  Professor  M'Kendrick,  and  Mr.  John  Mann. 

Mr.  James  Smith,  7  Park  Circus.  Recommended  by  Dr.  Muir- 
head, Professor  M'Kendrick,  and  Mr.  John  Mann. 

J.  McGregor  Robertson,  M.A.,  M.B.,  Muirhead  Demonstrator 
of  Physiology,  University  of  Glasgow.  Recommended  by  Mr. 
John  Mann,  Dr.  Muirhead,  and  Professor  M'Kendrick. 

Mr.  John  M.  Cunningham,  Manager  of  the  Clydesdale  Bank, 
Gla«;gow.  Recommended  by  Mr.  James  L.  Mitchell,  Dr.  Muirhead, 
and  Professor  M*Kendrick. 

Mr.  John  B.  Wingate,  7  Crown  Terrace,  Dowanhill.  Recom- 
mended by  Mr.  James  L.  Mitchell,  Mr.  William  Shaw,  and  Professor 
M^Kendrick. 

Mr.  William  Pearce,  Shipbuilder,  10  Park  Terrace.  Recom- 
mended by  Mr.  James  L.  Mitchell,  Mr.  William  Shaw,  and 
Professor  M'Kendrick. 

Mr.  George  Walker,  Chemical  Broker,  138  West  Ckorge  Street 
Recommended  by  Dr.  Andrew  Fei^s,  Mr.  John  Mann,  and 
Profcrssor  M'Kendrick. 
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Mr.  J.  Watson  Stuart,  Writer,  88  St.  Vincent  Street.  Recom- 
mended by  Dr.  Andrew  Fergus,  Dr.  Muirhead,  and  Professor 
M'Kendrick. 

Mr.  Thomas  Balmain,  Banker,  1  Kew  Terrace,  Kelvinside. 
Recommended  by  Dr.  Andrew  Fergus,  Dr.  Muirhead,  and  Pro- 
fessor M'Kendrick. 

Mr.  Robert  Gilchrist  Finlay,  Juu.,  Holmfield,  Dalmuir.  Recom- 
mended by  Dr.  Andrew  Fergus,  Mr.  John  Clark,  and  Mr.  E.  C. 
C.  Stanford. 

Mr.  William  Ogilvie,  1  Doune  Terrace.  Recommended  by 
Mr.  Archibald  Robertson,  Dr.  Andrew  Fergus,  and  Professor 
M'Kendiick. 

Mr.  George  Miller,  1  Westboume  Gardens.  Recommended  by 
Dr.  Andrew  Fergus,  Mr.  John  Mann,  and  Professor  M*Kendrick. 

Mr.  Walter  Duncan,  East  India  Merchant,  9  Montgomerie 
Crescent  Recommended  by  Dr.  Andrew  Fergus,  Mr.  John 
Mann,  and  Professor  M*Kendrick. 

Mr.  J.  T.  Anderson,  Merchant,  Westboume  Gardens.  Recom- 
mended by  Dr.  Henry  Miurhead,  Professor  M*Kendrick,  and  Mr. 
John  Mann. 

Dr.  Yellowlees,  Medical  Superintendent,  Gartnavel.  Recom- 
mended by  Dr.  Henry  Muirhead,  Professor  M'Kendrick,  and  Mr. 
John  Mann. 

]Mr.  J.  Alexander  Blackie,  Publisher,  17  Stanhope  Street. 
Recommended  by  Dr.  Andrew  Fergus,  Dr.  Muirhead,  and  Professor 
M*Kendrick. 

Professor  P.  A.  Simpson,  M.D.,  University,  8  Brandon  Place. 
Recommended  by  Dr.  Andrew  Fergus,  Mr.  John  Mann,  and 
Professor  M*Kendrick. 

Mr.  Adam  White,  Sudbrooke,  Pollokshields.  Recommended 
by  Dr.  Andrew  Fergus,  Dr.  Muirhead,  and  Professor  M*Kendrick. 

Dr.  W.  J.  Brock,  2  Holyrood  Crescent.  Recommended  by  Dr, 
Andrew  Fergus,  Mr.  John  Mann,  and  Professor  M'Kendrick. 

Mr.  J.Robertson  Blackie,  Publisher,  1 7  Stanhope  Street.  Recom- 
mended by  Dr.  Andrew  Fergus,  Dr.  Muirhead,  and  Professor 
M*Kendrick. 

Mr.  John  Hunt,  Milton  of  Campsie.  Recommended  by  Mr.  David 
Sandeman,  Mr.  Archibald  Robertson,  and  Professor  M'Kendrick. 

Mr.  A  Erskine- Murray,  Sheriff- Substitute  of  Lanarkshire, 
Sundown,  Montgomerie  Drive.  Recommended  by  Mr.  Thomas  F. 
Muir,  Professor  M*Kendrick,  and  Dr.  Muirhead. 
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Mr.  John  Young,  Superintendent  of  Cleanaing,  234  Parlia- 
mentary Koad.  Recommended  by  Mr.  William  R.  W.  Smith, 
Mr.  J.  J.  Coleman,  and  Mr.  John  Mann. 

3.  Mr.  John  P.  Craig  read  a  paper  on  "  The  Cleansing  of  Cities, 
and  the  Utilization  of  Sewage,"  for  which  he  received  the  thanks 
of  the  Society. 

4.  The  Secretary  read  Reports  from  the  various  Sect^pns  of  the 
Work  done  during  the  Session,  and  these  Reports  were  adopted, 
and  were  ordered  to  be  printed  in  the  Proceedings  of  the  Society. 

(Signed)  WILLIAM  WALLACK 


2?w£  November y  188L 

The  Philosophical  Society  of  Glasgow  held  its  first  Meeting  for 
Session  1881-2  on  the  evening  of  2nd  November,  1881,  at  eight 
o'clock,  in  the  Rooms  of  the  Society,  207  Bath  Street — Dr.  Wallace, 
President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  ready  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  The  following  were  proposed  for  election  as  Members  of  the 
Society,  viz. : —     . 

Mr.  Andrew  Henderson  Morgan,  Actuary,  128  St.  Vincent 
Street.  Recommended  by  Mr.  Archibald  Hewat^  Dr.  Fergus, 
and  Dr.  Wallace. 

Mr.  W.  J.  Milligan,  Writer,  Laurel  Bank,  Partick.  Recom- 
mended by  Mr.  Wallace  Fairweather,  Mr.  B.  H.  Remmers,  and 
Professor  M*Kendrick. 

Mr.  Lindsay  Burnett,  Assoc.  M.I.C.E.,  St.  Kilda,  DowanhilL 
Recommended  by  Mr.  John  Mann,  Dr.  Muirhead,  and  Dr. 
M*Kendrick. 

Mr.  John  Williamson,  Engineer,  146  St.  Vincent  Street.  Re- 
commended by  Mr.  B.  H.  Renmiers,  Mr.  John  Mann,  and  Dr. 
Muirhead. 
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3.  Dr.  Wallace  delivered  an  Opening  Address  on  "  The  Disso- 
ciation of  Chemical  Compounds."  Dr.  Fergus  moved,  and  Mr. 
James  Mactear  seconded,  that  a  vote  of  thanks  be  given  to  Dr. 
Wallace  for  his  interesting  and  able  Address.  The  motion  was 
carried  bj  acclamation. 

4.  On  the  motion  of  the  President,  Mr.  Archibald  Hewat  and 
Mr.  George  Watson  were  appointed  Auditors  of  the  Treasurer's 
Accounts  for  the  past  year. 

5.  Mr.  Eben.  Duncan  gave  notice  of  the  following  motion  : — 

"  That  the  remit  of  the  Society  to  the  Sanitary  Section  to  take 
measures  towards  the  amendment  of  the  Health  of  Scotland  Act 
(1867)  be  continued  for  another  year." 

6.  Mr.  John  Mayer  gave  notice  of  the  following  motion  : — 

**  That  Presidents  of  Sections  should  not  be  Members  of  Council 
unless  these  Sections  are  in  actual  operation,  and  hold  meetings 
open  to  all  Members  of  the  Society." 

7.  The  following  gentlemen,  who  were  balloted  for  as  onlinary 
members,  were  declared  duly  elected  : — Professor  Jebb,  Dr.  George 
T.  Beatson,  Mr.  James  Smith,  Mr.  J.  McGregor  Robertson,  MtB., 
Mr.  John  M.  Cunningham,  Mr.  John  B.  Wingate,  Mr.  William 
Pearce,  Mr.  George  Walker,  Mr.  J.  Watson  Stuart,  Mr.  Thomas 
Balmain,  Mr.  Robert  Gilchnst,  Mr.  William  Ogilvie,  Mr.  George 
Miller,  Mr.  Walter  Duncan,  Mr.  J.  T.  Anderson,  Dr.  Yellowlees, 
Mr.  J.  Alexander  Blackie,  Professor  P.  A.  Simpson,  Mr.  Adam 
White,  Dr.  W.  J.  Brock,  Mr.  J.  Robertson  Blackie,  Mr.  John 
Hunt,  Sheriff  Erskine-Murray,  and  Mr.  John  Young. 

(Signed)         WILLIAM  WALLACE. 


16^7*  November,  1881. 

The  Eightieth  Annual  General  Meeting  of  the  Philosophical 
Society  of  Glasgow,  for  the  Election  of  Office-bearers  and  other 
business,  was  held  on  the  16th  of  November,  1881,  at  eight  p.m., 
in  the  Rooms  of  the  Society,  207  Bath  Street — Dr.  William 
Wallace,  President,  in  the  Chair. 
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and  ordered  to  be  printed  in  the  Proceedings.     The  Report  was  as 
follows : — 

Report  on  thb  State  of  the  Society  by  the  Council  fok  the 

Session  1880-81. 

L  Membership, — The  number  of  Members  ou  the  Roll  at  the  beginning 
of  Session  1880-81  was  636 ;  during  the  Session  74  were  added,  3  were  re- 
instated from  the  Suspense  list,  making  713  in  all.  Of  this  number  17 
have  resigned,  7  have  left  Glasgow— their  names  being  placed  on  the  Sus- 
pense List, — 9  have  died,  1  was  elected  an  Honorary  Member,  and  9  have 
been  struck  off  the  Roll  for  non-payment  of  annual  subscriptions ;  leaving 
on  the  RoU,  at  the  beginning  of  the  present  Session,  670  Members,  being  an 
increase  of  34.  Of  the  74  new  entrants,  10  became  Life  Members.  There 
are  20  Honorary  Members,  consisting  of  6  Foreign,  3  American  and  Ck>lo- 
nial,  and  11  British.  The  corresponding  Members  are  4  in  number.  There 
are  35  Life  Members. 

II.  Sections. — The  Meetings  of  the  Sections  have  been  well  attended, 
and,  in  addition  to  many  papers  read  at  these  Meetings,  important  commu- 
nications have  been  transmitted  to  the  Society,  some  of  which  appear  in 
the  Proceedings, 

III.  The  Proceedings, — The  printed  Proceedings  of  the  Society  for  1880-81 
embrace  19  papers  and  10  plates,  and  they  will  be  found  to  contain  some 
substantial  contributions  to  science. 

IV.  The  Oas  Exhibition, — ^The  Council  regret  that,  from  various  causes 
of  delay,  a  Report  has  not  yet  been  received  from  the  Committee  having 
charge  of  the  Gas  Exhibition.  It  is  desirable  that  the  matters  of  the  Gas 
Exhibition  should  be  wound  up  without  further  delay,  and  the  Council  hope 
soon  to  lay  the  Report  or  Reports  before  the  Society. 

V.  New  Buildings. — The  new  rooms  have  been  found  very  convenient 
and  well  suited  for  the  purposes  of  the  Society  and  of  its  Sections.  They 
have  also  been  taken  advantage  of  by  the  Geological  and  ArchseologicaJ 
Societies  and  others,  on  terms  satisfactory  to  this  Society  and  to  the  Insti- 
tution of  Engineers  and  Shipbuilders. 

By  order  of  the  Council. 

(Signed)        JOHN  G.  M*KENDRICK, 

Secretary, 

5.  The  Audited  Statement  of  Accounts  for  Session  1880-81, 
by  Mr.  John  Mann,  the  Treasurer,  having  been  printed  in  the 
circular  caUing  the  Meeting,  was  held  as  read,  was  approved  of, 
and  was  ordered  to  be  printed  in  the  Proceedings,  A  vote  of 
thanks  to  the  Treasurer  was  carried  unanimously. 
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^VKiT  »  kail:  oe  BalaBoe  ai  £3,000  Bond, 

Ncnt  cc  £9kW  and  £900.     ..... 

ruklas»ce  an^  T^elaRU«r.  ..... 


10  10   0 


19  10   0 


48  15 

0 

2 

1 

•1 

600 

0 

0 

500 

0 

0 

109 

9  11 

£2.177  11    I 


^ 


<>i.^<v  .•«.  ::tX  Scitrmhrr^  J\>;. — We,  tlie  Anditon  mDpointed  by  the 
<  vaauwvi  the  aaaoe^  <tf  vhkh  the  above  ia  as  Abatiit»  aad  linv«  fomid  thaa 
\H)e  Huixiivd  aai  Nine  Powhis  Nine  Shillinga  and  Efevcnpeaon. 

Jitm^\  h%  TrttMmre^, — The  Amonnt  of  the  Sodetjr'a  Faadi  mTnrted  in 
'^  «f  KMad.  £1.500.  and  the  nbove  LonM  ol  £500= £1,355.— J.  M. 
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ACCOUNT— SESSION  1880-Sl. 

1880.— Nov.  1. 

By  Balance  due  Treasurer  from  last  Session,    . 

1881.— Oct.  31. 
By  Salary  to  Secretary,  .... 
,,  Allowance  for  Treasurer's  Clerks,    . 

„  New     Books,     Periodicals,     and     Foreign 
Periodicals,  .... 

, ,   Printing  Circulars,  Proceedings,  &c. ,  1879-80, 
£191  10s.;  1880-81,  £142  10s.  3d., 

„   Binding,  ..... 

,,  Lithographs  for  Proceedings,  &c., 

.,   Postage  and  Delivery  of  Circulars,  Letters, 
and  Parcels,  .... 

,,  Stationery,     .  .  .  .  . 


Ijfssy  Contributions  by  Authors  to  cost  of 
Illustrations, 

„   Fire  Insurance  on  Library  for  £5,400, 

,,  Furnishings  and  Repairs, 

„   Postages,  &c. — per  Treasurer,  £2  4s.  3d. 
per  Secretary,  £5  128.  8d., 

„  Sundries  in  Library,  . 

,.  Interest  on  Loans, 

,,    SUBSCBIPTIONS  TO  SOCIKTIE.S — 

Ray  Society,  1881, 
Pala^ontographical  Society,  1881,  . 


Cr. 

£18    3    C.' 


£75    0    0 
15    0    0 


£114    4  4i 

334    0  3 

24  19  0 

65    6  0 

35  12  1 

7  18  0 

£581  19  8.i 

11     5  8 

£4    0  6 

15  18  3 

7  16  11 

1    8  11 

9  15  6 


£1     1     0 
1     1    0 


90    0    0 


570  14    OJ 


39    0    1 


„  Chemical  Section — 

Expenses  per  Treasurer  of  Section, 

„    AltCHITECTURAL  SECTION— 

Expenses  per  Treasurer  of  Section, 

,,  Bath  Street  Joint  Buildings — 

Society's  half  of  Balance  of  Tradesmen's  Accounts, 

,,  Joint  Expenses  of  Rooms— 

Society's  half  of  Interest  on  Bond,  Taxes,  Cleaning, 


2  2    0 

9  18  II 

10  2    8 

1,280  0    0 


>ciety  s  nait  ot  interest  on  Jtsona,  raxes,  Cleaning, 
Lifihtine*  and  Heating,  Salaries  of  Sub-Librarian 
and  Assistant — less  half  of  Revenue  from  Letting,      .       157    9  10 

£2,177  11     1 

Society  to  examine  the  Treasurer's  Accounts,  for  the  year  1880-81,  have 
correct,  the  Balance  due  to  the  Treasurer  at  31st  October  last  being 

the  Bath  Street  Joint  Buildings  up  to  31st  October,  1881,  is  £3,355,  less 

(Signed)        ARCH.  HEWAT. 

GEORGE  WATSON. 


:>r  -.'.^::-i-i  c-e  of  ite  Viw 
;  It  H-Tirr  MnirLsad.  «Lo 
"■-l  Mr,  John  MaTpr.  und 
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seconded  by  Mr.  John  Jex  Long,  that  Mr.  James  Mactear,  F.C.S., 
be  elected  to  the  office.  Dr.  Eben.  Duncan  and  Mr.  W.  J.  A. 
Donald  having  been  appointed  scrutineers,  the  Society  took  a  vote 
by  ballot,  when  it  was  found  that  there  were  43  votes  for  Mr. 
Mactear  and  40  votes  for  Professor  Gairdner.  Mr.  Mactear  was 
accordingly  declared  to  be  duly  elected  to  the  office  of  Vice-Presi- 
dent for  a  term  of  three  years  from  this  date< 

(2)  On  the  motion  of  the  Chairman,  Mr.  John  Robertson  was 
unanimously  re-elected  Librarian  for  the  present  year. 

(3)  On  the  motion  of  the  Chairman,  Mr.  John  Mann  was 
unanimously  re-elected  Treasurer  for  the  present  year. 

(4)  On  the  motion  of  the  Chairman,  Professor  M'Kendrick  was 
unanimously  re-elected  Secretary  for  the  present  year. 

(5)  The  Chairman  stated  that  six  new  Members  of  Council 
were  required,  in  room  of  Mr.  Archibald  Robertson,  Mr.  J.  J. 
Coleman,  Dr.  M*Vail,  and  Mr.  John  Kirsop,  who  retire  by  rota- 
tion, and  of  Mr.  Robert  R  Tatlock  and  Mr.  David  Mackinlay, 
who  had  resigned  office.  The  thanks  of  the  Society  were  awarded 
to  these  gentlemen,  and  in  particular  to  Mr.  Archibald  Robertson, 
for  the  great  trouble  he  had  taken  in  connection  with  the  erection 
of  the  new  buildings. 

It  was  moved  by  Mr.  Archibald  Robertson,  and  seconded  by 
Mr.  Coleman,  that  the  following  gentlemen  be  elected  Members  of 
Council,  viz.: — Mr.  James  Paton,  F.L.S.;  Mr.  James  Thomson, 
F.G.S.,  Professor  Jack,  LL.D.;  Mr.  Alexander  Scott,  Mr.  J.  T. 
Bottomley,  M.A.;  and  Dr.  W.  J.  Fleming.  Mr.  Robert  R.  Tatlock 
moved,  and  Dr.  Brock  seconded,  Mr.  Andrew  Jamieson,  C.E.,  as 
a  Member  of  Council.  Mr.  Sigismund  Schuman  proposed,  and 
J>r.  Morton  seconded,  Mr.  Archibald  Hewat,  F.F.A.,  F.S.S.,  as  a 
Member  of  Council.  Mr.  John  Mayer,  F.C.S.,  proposed,  and  Mr. 
D.  M.  Nelson  seconded,  Mr.  Hazelton  R.  Robson  as  a  Member  of 
Council 

The  Society  then  balloted  for  six  Members  of  Council,  Dr.  Morton 
and  Mr.  D.  M.  Nelson  having  been  appointed  scrutineers,  with  Mr. 
James  L.  Mitchell  as  oversman.  The  scrutineers  reported  that 
the  following  had  the  greatest  number  of  votes : — Mr.  James 
Thomson,  67  ;  Mr.  James  Paton,  65 ;  Mr.  Alexander  Scott,  52  ; 
Dr.  W.  J.  Fleming,  47 ;  Mr.  Hazelton  H.  B^oVi^oti,  \^  \  ^sA  ^xvi- 


a.  ae  Loiiegp  >x 


r.    Zfirni    Finlis.    -rii^s,   -wai    tnasml  la    »    3r:aci»a    m.  tiie 


_'•   ±.>ss.  .miiso.  -arti  Ti».'«-^i 


r\**  Tn.  noi  "VTff  -maaimoiisiT  AiumsM. 


^  T!&ir  ?r'»iii»iC3  -if  Seirsajca  iftavtti  one  9e  MamjMsa  d  Ccmsctl 
r!ir  mrcija  -vis  ieecmxeii  aj  Mr.  J^L&2I  Jex  Lens.     After  some 

1 1  Tjrf  f .  iIt:-FTZ;r  £BiiiHiu«L.  wio  w«ce  hajflncwj  fcr  as  Ordizttnr 
M-Hii":tfrs>  ^r*^*^  iedARii  i^x  eLecsed: — Mr.  Andirv  Hewknon 
M  rrizL     Mr.  W   J.  V'^^^~» :   Mr.  LirAmj  Boraef :  and  Mr. 

Secwi         WILUAM  WALLACE 
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30^  November,  1881.— Dr.  Wm.  Wallace  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  The  following  new  Members  were  admitted : — 

Mr.  Andrew  Henderson  Morgan,  Mr.  W.  J.  Milligan,  Mr. 
Lindsay  Burnet,  Mr.  John  Williamson. 

3.  The  following  were  proposed  for  election  as  Members  of  the 
Society,  viz. : — 

Mr.  John  M'Nab,  of  the  Flemington  Coal  Company  (Limited), 
79  West  Nile  Street.  Recommended  by  Mr.  David  Thomson, 
I. A.,  F.R.LB.A.,  Mr.  A.  Lindsay  Miller,  and  Mr.  John  Mann,  C.A. 

Mr.  William  G.  O'Beime,  Analytical  Chemist,  South- Western 
Hotel,  Renfrew.  Recommended  by  Mr.  Edward  C.  C.  Stanford, 
F.C.S.,  Mr.  J.  J.  Coleman,  F.C.S.,  and  John  Clark,  Ph.D.,  F.C.S. 

Mr.  W.  S.  Woodbum,  L.D.S.,  Lecturer  on  Mechanical 
Dentistry,  Anderson's  Collie,  17  Carlton  Place.  Recommended 
by  Mr.  Thomas  G.  Holt,  Mr.  Charles  Wilson,  and  Mr.  Thomas  S. 
Cree. 

4.  Dr.  James  B.  Russell,  late  President  of  the  Sanitary  and 
Social    Economy   Section,   and   Medical   Officer    of    Health    for 
Glasgow,  read  a  paper  "  On  the  Decade  of  1871-80  in  Glasgow- 
a  Sanitary  Retrospect,"  for  which  he  received  the  thanks  of  the 
Society. 

5.  The  Secretary  read  a  "  Report  by  Dr.  Henry  Muirhead,  one 
of  the  Delegates  of  the  Society  to  the  Gathering  of  Delegates  from 
other  Societies  attending  the  Meeting  of  the  British  Association 
at  York  in  August  last,"  which  had  been  postponed  from  last 
Meeting.  On  the  motion  of  Mr.  John  Mayer,  F.C.S.,  Dr.  Muir- 
head was  thanked  by  the  Society,  the  Report  was  approved  of,  and 
was  remitted  to  the  Council  for  publication  in  the  Proceedings. 

6.  A  demonstration  was  given  by  J.  M'Gregor  Robertson, 
M.A,  M.B.,  Muirhead  Demonstrator  of  Physiology  in  the  Uni- 
versity of  Glasgow,  of  "A  Mode  of  directly  Observing  the  Work 
done  by  Frog's  Muscle,"  for  which  he  received  the  thanks  of  the 
Society. 
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addition  had  been  made  to  them  on  the  suggestion  of  Dr.  A.  K. 
Irvine : — "  Mr.  Campbell  Douglas  asked  if  the  attention  of  the 
Council  had  been  directed  to  the  charges  made  in  the  public  news- 
papers as  to  the  relation  of  Dr.  Wallace,  the  President,  to  the 
recent  Gas  Exhibition.  After  some  remarks  by  Dr.  A.  K.  Irvine 
and  othei-s,  Mr.  Nathaniel  Dunlop  informally  replied  that  the 
Council  had  the  matter  in  view,  and  would  be  ready  with  their 
opinion  at  the  proper  time." 

2.  The  following  new  Members  were  admitted : — 

Mr.  W.  H.  Wilson,  Mr.  James  Wilson,  Mr.  James  Elder,  Mr. 
David  Sturrock,  Mr.  J.  R.  Cunningham,  Jun. ;  Mr.  Louis  Camp- 
bell. 

3.  The  following  were  proposed  for  election  as  Members  of  the 
Society,  viz.: — 

Mr.  James  C.  Stevens,  Clerk,  10  South  Portland  Sti*eet.  Recom- 
mended by  Mr.  John  Jex  Long,  Dr.  Wallace,  and  Mr.  John  Laird. 

Mr.  Alexander  G.  Muir,  Clerk,  6  Regent  Park  Terrace,  Strath- 
bungo.  Recommended  by  Mr.  John  Jex  Long,  Dr.  Wallace,  and 
Mr.  John  Laird. 

Mr.  Arthur  Wingate,  6  Kelvin  Drive.  Recommended  by  Pro- 
fi^s.sor  Ferguson,  Dr.  James  J.  Dobbie,  and  Professor  M'Kendrick. 

4.  The  Chairman  read  the  following  communication  from  the 
( ^ouncil  of  the  Society  : — 

''The  Council  of  the  Philosophical  Society  of  Glasgow  met  in  the 
Council  Room,  in  the  Rooms  of  the  Society,  on  Wednesday,  the 
7th  of  December,  1881.  Present— Sir  William  Thomson  (in  the 
Chair),  Dr.  Wallace,  Mr.  Michael  Connal,  Professor  Grant,  Mr. 
Thomas  Muir,  Dr.  Fergus,  Mr.  John  Mann,  Mr.  E.  C.  C.  Stan- 
ford, Mr.  Alexander  Scott,  Mr.  Nathaniel  Dunlop,  Dr.  W.  J. 
Fleming,  Dr.  Neil  Carmichael,  Mr.  John  Robertson,  Dr.  Stirton, 
Mr.  J.  Jex  Long,  Mr.  Hazelton  R.  Robson,  Mr.  James  Sellars, 
Jun.,  and  Professor  M*Kendrick. 

**  A  statement  was  submitted  to  the  Meeting  by  Dr.  Wallace  in  relation 
to  certain  allegations  by  Mr.  St.  John  Vincent  Day  and  others  in  the  public 
newspapers  respecting  the  part  Dr.  Wallace  took  as  a  Juror  in  the  recent 
Exhibition  of  Gas  and.Electricity.  The  Council  discussed  the  matter  most 
carefully,'and  came  unanimously  to  the  resolution  that  all  the  charges  made 
in  these  letters  are  without  foundation,  and  t\iatT>T.  \^«\\«^<i^VwiL  caxrvft^ 


n    f-    V 


lo*  xsi  .puoaaof  a:  Janet 
siui  iiiiiiiliii  Bt  nad 


Si.iBmL  ^  pmps-   '*  Ckz- UioTiiiiei).  iL 


''zr.*.      Ill      >'T^*ni:T     In   J^CTEo;.    Il^   l*rfe5ictsiiL   auc  I^r 

OfauoiiSEaiia:    a:   funn   n:  iiif- 


■ 

ijrscia:   f*^r3;  ^tti:;  iMt  Mcaaa^  a:  -use  Hjcsanzvif  nf  'sht 


>-'.    .  X  ?\AL    li:    Viliuoi    v»    0*Bfiir&L.  and  Mr.  V 

\       .     — 


^ 

«  « 


.I--' 


-^--   -     -^-  I -l-.-T-ii^  cnftsaoL  — •  i  sAimic  iikf  xr  ht  ri.imnM  if 

^    ^  <!*—■»-'-    1^-  "LanwETBrlh^  .c  i«f>:viBXieiii!T  T-acazad  the  Cbiir. 

«"   -    ^^-"   "^"s^  ■  "t    nw   of  «  immfxil  dmr-'     y^  aziFVfa-  lo  tiu> 

iociiwi:  WTLIJAM  WALLACE. 


Minutes  of  Sessioti.  607 

4th  Januari/j  1882. 

The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
o'clock,  in  the  Rooms  of  the  Society,  207  Bath  Street — Dr. 
William  Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman,  after  the  following 
addition  had  been  made  to  them  on  the  suggestion  of  Dr.  A.  K. 
Irvine: — "  Before  Dr.  Irvine  gave  notice  of  motion  at  last  Meeting 
*'  ho  asked  the  following  question  : — I  should  like  to  be  informed 
"  if  Dr.  Wallace  has  temporarily  or  permanently  vacated  the  chair, 
**  as  it  might  relieve  me  from  a  painful  duty  ?  No  answer  to  this 
**  question  having  been  given,  Dr.  Irvine  then  gave  notice  of  his 
**  motion." 

2.  The  following  new  Members  were  admitted : — 

Mr.  John  M'Nab,  Mr.  William  G.  O'Beime,  Mr.  W.  S. 
Woodbum. 

.'5.  The  following  were  proposed  as  Membera  of  the  Society : — 

Mr.  Daniel  Macmillan,  F.E.I.S.,  26  Ashton  Terrace.  Hecom- 
iiH^nded  by  Professor  M'Kendrick,  Mr.  Archibald  Robertson,  and 
Mr.  John  Kirsop. 

Mr.  Arthur  T.  Scott,  M.A.,  4  Dixon  Street  Recommended  by 
Mr.  Archibald  Robertson,  Mr.  John  Kirsop,  and  Professor 
M*Kendrick. 

4.  A  paper  wa.s  read  by  Mr.  F.  J.  Rowan,  on  behalf  of  M. 
Bidard,  of  Rouen,  "  On  the  Structui-e  of  the  Flower  and  Fertilizing 
Organs  of  Wheat,"  for  which  Mr.  Rowan  was  thanked  by  the 
Society.  The  paper  was  illustrated  by  photographs  thrown  on  the 
screen. 

5.  Mr.  H.  F.  Alexander  read  a  paper  "On  an  Improved 
Barometer." 

6.  Mr.  George  Stuart  read  a  description  of,  and  exhibited, 
^*  A  new  Float  and  Life  Preserver." 
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Clerk,  10  South  Portland  Street ;  Mr.  Alexander  G.  Muir,  Clerk, 
6  Regent  Park  Terrace,  Strathbungo ;  and  Mr.  Arthur  Wingate, 
6  Kelvin  Drive. 

(Signed)     WILLIAM  WALLACE. 


18th  Janxwryy  18S2. 

The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
o'clock,  in  the  Rooms  of  the  Society,  207  Bath  Street — ^Dr.  William 
Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  tlie  Society,  having  been 
printed  in  the  notice  callmg  this  Meeting,  wei*e  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  Mr.  J.  Law  Crawford,  Solicitor,  196  St.  Vincent  Street, 
Glasgow,  was  recommended  as  a  Candidate  for  the  Membership  of 
the  Society  by  Mr.  Wallace  Fairweather,  C.E.,  Mr.  John  Maim, 
C.A.,  and  Dr.  M'Kendrick. 

3.  A  paper  was  read  by  Dr.  J.  M*Gregor  Robertson,  M.A., 
Muirhead  Demonstrator  of  Physiology  in  the  University  of  Glas- 
gow, entitled  "  An  Account  of  the  Present  State  of  Animal 
Electricity.'*  The  paper  was  illustrated  by  diagrams  and  experi- 
ments; and,  after  a  few  i*emarks  by  Principal  Jamieson,  Dr. 
Andrew  Buchanan,  and  others,  a  cordial  vote  of  thanks  was 
awarded  to  Dr.  M*Gregor  Robertson. 

4.  The  following  gentlemen,  who  were  balloted  for  as  Ordinary 
Members,  were  declared  duly  elected : — 

Mr.  Arthur  T.  Scott  and  Mr.  Daniel  Macmillan. 

(Signed)        WILLIAM  WALLACE. 


1st  February,  1882. 


The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
o'clock,  in  the  Rooms  of  the  Society,  207  Bath  Street— Dr.  WiDiam 
Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society  >  \x%n\2dl!^\««ql 
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the  Society  of  Telegraph  Engineers  and  of  Electricians,  entitled 
"  A  Cheap  Form  of  Voltaic  Battery."  Mr.  Bennett  exhibited  the 
battery,  and  illustrated  its  value  by  various  experiments,  and  he 
received  a  cordial  vote  of  thanks. 

6.  The  President  announced  that  Mr.  J.  Law  Crawford,  Solicitor, 
196  St  Vincent  Street,  Glasgow,  had  been  elected  a  Member  of 
the  Society. 

7.  Dr.  Fergus  moved — "That  the  Herbarium  in  possession  of 
the  Society  be  presented  to  the  Museum  in  Kelvingrove  Park." 
After  some  discussion,  the  matter  was  remitted 'to  the  Council, 
with  instructions  to  carry  out  the  transfer,  provided  there  was  no 
legal  impediment. 

8.  Mr.  John  Mayer,  F.C.S.,  gave  notice  that  he  would  move, 
at  next  ordinary  Meeting — "  That  it  be  remitted  to  the  Council  to 
arrange  for  Reports  of  Discussions  on  Papers  communicated  to  the 
Society  being  prepared  for  publication  in  the  Proceedings^  along 
with  the  papers  themselves." 

9.  Dr.  A.  K.  Irvine  gave  notice  that  he  would  move,  at  next 
ordinary  Meeting — (1)  "As  the  Council  has  postponed  its  Report 
on  matters  connected  with  the  charges  against  Dr.  Wallace,  sine 
dicy  that  Dr.  Wallace  do  not  occupy  the  Chair  of  the  Society  till 
the  Report  of  the  Council  has  been  presented  to  the  Society.^' 
{2)  "  That,  as  Dr.  Wallace  has  apologised  to  Dr.  Glover  and  Mr. 
Day,  it  behoves  him,  without  delay,  to  do  the  same  to  the  Society 
for  the  injury  and  insult  put  upon  it  by  him." 

10.  Mr.  Alex.  Whitelaw  gave  notice  that  he  would  move,  at 
next  ordinary  Meeting — "  That  the  Members  of  this  Society  do 
mark  their  appreciation  of  Dr.  Wallace's  merits  as  a  Member,  and 
their  faith  in  him  as  an  honourable  man,  by  a  vote  of  confidence." 

(Signed)         WILLIAM  WALLACE. 


I5th   February,   1882. 


The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
o'clock,  in  the  Rooms  of  the  Society,  207  Bath  Street — Dr.  William 
Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  ^oci<&t^  Vk»?9\x^\)^^'D 
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*  Highest  Award,'  had  been  issued  by  the  Secretary,  with  Dr.  Wallace's 
approval ;  and,  to  this  extent,  the  statement  made  to  the  Council,  upon  the 
authority  of  which  Sir  William  Thomson  had  spoken  on  4th  January,  1S82, 
was  inaccurate. 

"  It  was  explained  by  Dr.  Wallace  that  a  letter  was  addressed  by  him  to 
Messrs.  W.  &  R  Cowan,  on  19th  November,  1880,  shortly  after  the  close  of 
the  Exhibition,  informing  these  gentlemen  that  it  had  been  decide<l  by  the 
Executive  Committee,  that  only  one  award  could  be  given  to  each  exhibitor 
in  any  Section,  the  award  to  consist  of  a  handsome  Medal ;  and  Messrs. 
Cowan  were  invited  to  elect  whether  to  receive  the  Medal  for  their  group 
of  Three  Exhibits,  or  for  the  'Warner  and  Cowan  Meter,'  which  was  one 
of  them,  by  itself — on  the  understanding  that,  if  they  adopted  the  latter 
alternative,  they  could  have  no  award  for  the  other  two  articles,  namely — 
the  'Dry  Meter,'  and  the  'Standard  Gas-Holder.'  Messrs.  Cowan  not 
having  expressed  any  preference,  the  Jurors  decided  independently,  and 
issued  a  Medal  to  Messrs.  Cowan  for  their  '  Warner  and  Cowan  Meter/ 
accompanied  by  a  duly -signed  Certificate  that  such  a  Medal  had  been  awarded 
for  their  '  Warner  and  Cowan  Wet  Meter,'  and  that  Medal  and  Certificate 
are  now  in  their  possession." 

6.  The  motion  standing  in  the  name  of  Mr.  John  Mayer  was, 
at  his  suggestion  and  to  facilitate  business,  postponed  till  next 
Meeting. 

7.  It  was  moveil  by  Dr.  A.  K.  Irvine,  and  seconded  by  Dr.  J. 
A.  Lothian,  as  follows: — "As  the  Council  has  postponed  its 
Report  on  matters  connected  with  the  charges  against  Dr.  Wallace, 
sine  die,  that  Dr.  Wallace  do  not  occupy  the  Chair  of  the  Society 
till  the  Report  of  the  Council  has  been  presented  to  the  Society." 
Mr.  W.  P.  Buchan  moved,  and  Mr.  John  Mayer  seconded,  the 
"Previous  Question."  On  a  vote  being  taken,  76  Members 
voted  for  the  "Previous  Question,"  and  two  for  the  motion. 
The  Chairman  declared  that  the  "Previous  Question"  had  been 
carried. 

8.  The  second  motion  standing  in  Dr.  Irvine's  name  was,  by 
leave,  withdrawn. 

9.  It  was  moved  by  Mr.  Alexander  Whitelaw,  seconded  by  Mr. 
Nathaniel  Dunlop,  and  carried  by  acclamation,  as  follows: — "Tliat 
the  Members  of  this  Society  do  mark  their  appreciation  of  Dr. 
Wallace's  merits  as  a  Member,  and  their  faith  in  him  as  an  honour- 
able man,  by  a  vote  of  confidence." 

10.  The  following  gentlemen  were  declared  by  the  Chairman  to 
have  been  duly  elected  Members  of  tlie  Sociftt^^— "^x.  "^^^cjw^ 
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6.  Mr.  James  Harley  was  declared  by  the  Chairman  to  have 
been  duly  elected  a  Member  of  the  Society. 

7.  The  motion  standing  in  the  name  of  Mr.  John  Mayer  was 

modified,  on  the  suggestion  of  Dr.  Fergus,  as  follows: — '^  That  it 

be  remitted  to  the  Council  to  consider  the  expediency  of  arranging 

for  Heports  of  Discussions  on  Papers  communicated  to  the  Society 

being  prepai*ed  for  publication  in  the  Proceedivgs,  along  with  the 

Papers  themselves."     In  this  modified  form  the  Resolution  was 

movecl  by  Mr.  Mayer,  seconded  by  Dr.  Fergus,  and  unanimously 

adopted. 

(Signed)         THOMAS  MUIR, 

For  WILLIAM  WALLACE. 


\fith  March,  1882. 

The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
o'clock,  in  the  Rooms  of  the  Society,  207  Bath  Street — Mr. 
Tliomas  Muir,  M.A.,  <kc.,  Vice-President,  in  the  Chair. 

1.  At  the  request  of  Dr.  A.  K.  Ir\'ine,  the  Minutes  were  read 
by  the  Secretary.  On  the  suggestion  of  Dr.  A.  EL  Irvine,  the 
first  paragraph  was  amended  to  read  thus : — "  At  the  request  of 
Dr.  A.  K.  Irvine,  a  portion  of  the  Minutes  was  read  by  the 
Secretary.  Dr.  A.  K.  Irvin(^  ha\'ing  pointed  out  that  a  portion 
of  the  Minutes  had  ])eon  read  at  a  former  Meeting,  it  was  moved 
by  Mr.  John  Mayer,  and  seconded  by  Dr.  Henry  Muirhead, 
that  the  Minutes  be  adopted  as  they  were  printed  in  the  billet 
iralling  this  Meeting.  This  motion  was  carried  by  acclamation, 
and  the  Minutes  were  accordingly  confirmed  and  signed  by  the 
(Chairman."  The  Minutes,  so  amended,  were  confirmed  and  signed 
by  the  Vice-President  in  the  Chair. 

2.  Mr.  John  Young,  Analytical  Chemist,  Blackhill  Hou.se, 
Cumbernauld  Road,  was  recommended  for  the  Membership  of  the 
Society  by  Mr.  W.  Craig-Ramsay,  Writer,  Dr.  Wallace,  and  Dr. 
John  Clark. 

3.  Mr.  Robert  Corbet,  168  New  City  Road,  oxliibited  and 
described  a  Compound  Pendulum  Apparatus  for  drawing  Har- 
monic Curves,  the  distinctive  feature  of  wVvicVv  ^«&  V\\^  Tcv<c^N^\si^\^X» 
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by  clockwork  of  a  horizontal  table  carrying  the  plate  on  which  the 
carves  were  described.  Examples  of  the  curves  were  projected  on 
the  screen.     Mr.  Corbet  received  the  thanks  of  the  Society. 

4.  Mr.  William  Kennedy,  Braemai*  Villa,  Pollokshields,  was 

declared  by  the  Chairman  to  have  been  duly  elected  a  Member  of 

the  Society. 

(Signed)        WILLIAM  WALLACR 


'29th  March,  1882. 

The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
o'clock,  in  the  Rooms  of  the  Society,  207  Bath  Street — Dr.  William 
Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  last  Meeting,  having  been  printed  in  the 
notice  calling  this  Meeting,  were  held  as  read,  and  on  the  motion 
of  Mr.  J.  J.  Coleman,  seconded  by  Mr.  Ramsay,  were  adopted. 
They  were  signed  by  the  Chairman. 

2.  A  paper  was  I'ead  ^^  On  a  Proposed  General  Method  for  the 
Solution  of  Equations,"  by  Thomas  Muir,  Esq.,  M.A.,  F.RS.E, 
ike.,  Vice-President  of  the  Society.  Mr.  Muir  received  the  thanks 
of  the  Society. 

3.  A  paper  was  read,  giving  '*  An  Account  of  some  Physico- 
Chemical  Investigations,"  by  James  B.  Hannay,  Esq.,  F.R.S.E., 
F.C.S.,  tkc.     Mr.  Hannay  received  the  thanks  of  the  Society. 

4.  The  Chairman  announced  that  Mr.  John  Young  M'Lellan 
had  been  duly  elected  a  Member  of  the  Society. 

5.  The  Secretary  reported,  in  reply  to  the  interrogations  of  Dr. 
Andrew  Buchanan  and  Mr.  John  Mayer,  made  at  last  Meeting, 
that  the  Council  had  presented  the  Herbarium  in  possession  of  the 
Society  to  the  Museum  in  Kelvingi-ove  Park,  in  accordance  with 
the  instructions  to  the  Council  contained  in  the  Minute  of  Meeting 
of  1st  Febiniary.  He  read  a  statement  regarding  the  origin  of  the 
Herbarium  made  \xy  the  Council  by  Mr.  Michael  Connal,  Mr. 
John  Alexander,  and  Mr.  Robert  BaUoch,  the  only  surviving 
Members  of  the  Botanical  Section  of  the  Society,  and  engroiaed  in 
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Minutes  of  Council,  p.  138,  and  he  also  read  a  letter,  dated  28th 
March,  1882,  addressed  to  the  President  and  Council  by  Mr.  John 
Alexander,  placing  the  Herbarium  and  the  sum  of  £5  18s.  2d.  at 
the  disposal  of  the  Society. 

6.  The  Secretary  stated,  in  reply  to  an  interrogation  by  Dr. 
Irvine,  that  the  Council  had  resolved  not  to  interfere  in  the  qne^ 
tion  at  issue  between  him  and  Mr.  John  Mann. 

7.  Dr.  A.  K.  Irvine  read  to  the  Meetiog  a  letter  he  had 
addressed  to  Dr.  M'Kendnck,  dated  18th  March,  1882. 

8.  Dr.  Irvine  gave  notice  of  the  following  motion  : — "  That  the 
Society  disapprove  of  an  Official  making  offensive  motions  in  refer- 
ence to  Members." 

9.  Mr.  John  Mann  gave  notice  of  the  following  motion: — ''That 
the  foUowing  be  added  to  the  Articles  of  the  Society,  viz.: — 'That 
it  shall  be  competent,  by  the  vote  of  three-fourths  of  the  Members 
present  at  two  successive  Ordinary  Meetings,  on  due  notice  o£ 
motion  to  that  effect,  to  expel  any  Member  who,  in  the  opinion  of 
such  Meetings,  has  conducted  himself  in  such  a  manner  as  to  be 
injurious  to  the  character  and  interests  of  the  Society.' " 

(Signed)         WILLIAM  WALLACE. 


8th  April,  1882, 


The  Philosophical  Society  of  Glasgow  met  this  evening,  at  eight 
o'clock,  in  the  Rooms  of  the  Society,  207  Bath  Street — Dr.  William 
Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  last  Meeting,  having  been  printed  in  the 
notice  calling  this  Meeting,  were  held  as  i-ead,  and  were  approved 
of  and  signed  by  the  Chairman. 

2.  Dr.  Henry  Muirhead  read  a  paper  "  On  the  Mode  of  Mental 
Inter-commnnication  in  Thought- willing  and  Thought-reading,'' 
for  which  he  i*eceived  the  thanks  of  the  Society. 
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JLt   JiaxL  Yttzzi^L  Jtz..  Fj^pxeer^  1S4  Bacfaanmn  Street, 
vi:*   r*^:iiiaxi2Eia*£  f:r  "ae   Mfcbrs^iiip  of  tlie  Societj  by  Mr. 


r.;iiL':»?.  Xr  W^ii  Rr^i:::.  a^-i  Professor  M'Kendrick. 


Tift  Sodicx  ii£^  AZMscaM-  Mmzc::  oq  26Ui  Apnl,  1882,  when 
'Lbi  ziijz'wiz^  ?S*='^  'V'**^  i^Bad : — ( 1 )  **  On  tiie  relatiTe  AdTmntages 

M«tb>^  v^icL  haTe  been  pit^iaaed  for  Determining 


li^  S  Lit  PialAi-'  -T  Prciesor  Gruit  LL.D.;  (2)  "On  Dr. 
Sv-fci-^^:^  E<-,S^h*rkdzx  Gas  Burc^grK'  bj  Mx.  \IHliain  Foolis,  C.R; 
azL-i  o  "••r»s  a  z*w  kind  of  Pump,''  by  Mr.  W.  P.  BachAO. 
R'fTtrr:.-  v^r^  a^^  eiT^n  in  £nom  ibe  TBrimis  Sections.  The  Minutes 
of  iLis  MeirGzis.  if  approTcd,  will  appear  in  next  Tolume  of  the 

<  Signed)         WILLIAM  WALLACK 


EePORT    of    the     AECmTELTLEAL     SbCTION     OF     THK     GLASGOW 

Philosophical  Societt.  fok  Session  1881-82. 

During  the  Sessioo  six  Meetings  hare  been  held.     The  following 
i8  the  list  of  papers  read  at  those  Meetings : — 

January  30,  1882. — Opening  Address  by  the  President,  James 
Sellars,  Jun.,  Esq.,  Architect. 
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February  13,  1882.— T.   L.  Watson,   Esq.,  Architect,  read  a 
paper  entitled  ^'  Notes  upon  Natural  Laws  of  Proportion." 

Febntary  27,  1882. — Alexander  Frew,  Esq.,  C.E.,  read  a  papor 
lubject,  "Highways  and  Bye  ways." 


March  13,  1882.— David  Thomson,  Esq.,  Architect,  F.R.I.B.A., 
i-ead  a  paper — subject,  "  The  Works  of  the  late  Charles  Wilson, 
Esq.,  Architect" 

March  27,  1882. — An  interesting  discussion  took  place  on  the 
comparative  merits  of  the  different  methods  of  taking  out  quanti- 
ties and  i*eceiving  offers. 

April  10,  1882. — John  T.  T.  Brown,  Esq.,  Writer,  read  a  paper 
— subject,  "The  Law  relating  to  Building  Contracts." 

The  thanks  of  the  Section  are  due  to  all  these  gentlemen. 

During  the  Session  only  three  new  Associates  were  admitted. 

The  Annual  Business  Meeting  was  held  on  the  evening  of  March 
27,  and  the  following  gentlemen  were  elected  to  office  : — 

President, — James  Sellars,  Esq.,  Architect. 

Vice-Presidents, — William  Landless,  Esq.,  Architect,  and  John 
Dansken,  Esq.,  Measurer. 

Treasfwrer, — James  Howell,  Esq.,  Measurer. 

Han,  Secretary, — A.  Lindsay  Miller,  Architect,  121  West 
Regent  Street. 

Members  of  Council, — John  Honey  man,  Esq.,  Architect;  David 
Thomson,  Esq.,  Architect;  Robert  Tumbull,  Esq.,  Architect; 
Campbell  Douglas,  Esq.,  Architect;  T.  L  Watson,  Esq.,  Archi- 
tect ;  Alexander  Muir,  Esq.,  Builder ;  John  Cowan,  Esq.,  Wright ; 
Alexander  Frew,  Esq.,  C.E. ;  William  Howell,  Esq.,  Measurer; 
Roljert  Scott,  Esq.,  Measurer. 

Your  obedient  Servant, 

(Signed)        A.  Lindsay  Miller, 

Hon,  Secretary, 
Vol.  XIII. —No.  2.  2  t 
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February  20,  1882.—"  On  Precipitation,"  by  Dr.  Mills. 

March  6,  1882.— "On  the  Chemical  Works  of  Nicholas  La 
Febvre,"  by  Professor  Ferguson. 

March  20,  1882.— (1)  *  "  On  the  Composition  of  some  Fossil 
Eggs  from  the  Peruvian  Guano  Deposits,"  by  Dr.  John  Clark. 
(2)  *  "  On  the  Action  of  Ammonia  on  Fats  at  a  High  Tempera- 
ture," by  Mr.  T.  N.  Whitelaw. 

April  3,  1882.— "The  History  of  Explosives,"  by  Mr.  Tatiock. 

The  papers — four  in  number — marked  with  an  asterisk,  were 
recommended  to  the  Council  of  the  Philosophical  Society  for  pub- 
lication. 

A  full  report  of  the  discussions,  taken  by  Mr.  Cunningham, 
Shorthand  Reporter  to  the  Section,  is  preserved  amongst  the 
papers  of  the  Section. 

(Signed)        Arthur  Wingatb, 

Secretary  of  Section. 


Report  op  the  Sanitary  and  Social  Economy  Section  for 

Session  1881-82. 

The  Office-bearers  of  this  Section  were  elected  at  a  Meeting  held 
for  the  purpose  in  the  Society's  Booms,  on  the  evening  of  No- 
vember 16,  1881.     The  following  gentlemen  were  elected : — 

Mr.  Edward  C.  C.  Stanpord,  F.C.S.,  PreMident. 

Jamm  Christie,  M.D.,  )  vke-PreHdenU. 

Mr.  Kbnnbth  M.  Maclbod,  ) 

Eben.  Duncan,  M.D.,  4  Royal  Crescent,  Crosshill,  Secretary. 


Other  Members  of  CouneiL 


Mr.  W.  R.  W.  Smpth. 
R.  Renfrew,  M.D. 
Mr.  a.  Frew. 
Mr.  Archibald  Hewat. 
Neil  Carmichael,  M.D. 
Mr.  John  Honbyman. 


Mr.  John  A.  Spbns. 
Mr.  p.  W.  Dixon. 
Mr.  W.  p.  Buchan. 
Mr.  Alexander  Scott. 
Mr.  Alexander  Whitelaw. 
Jahbs  B.  Rurhell,  B.A.,  M.D. 


filll'  I'uiMHMphictu  SuekeUf  oj  GUugoic, 

A :  1*  ^t«tiii^  01  tltt  CoimcL  of  the  Seciion.  lieid  oii  the  1  ml  k^ 
.^unuiiT^.  tbt  remii  froiL  the  parent  SociePr — ^tbai  tLe  Saidi&n 
Sn'iioi.  ahouiu  take  measuroh  towardb  the  amendmeni  of  the 
Htiklu  of  Scotiunii  Aci  il8G7»'' — ^waB  considered.  After  disCiL-- 
siiii^.  i;  ixiL^  lurreeci  thai  n  Ciommixiee  should  be  appointed  to  cod- 
tuiie:  u.  whai  diniCtiQn^  the  Act  required  amendment,  and  that 
;iit  K,  oimuirtet  tdiouici  dniix  u]>  a  Hejion  for  the  consideration  of  a 
JSi*r*tin|:  i»^  tht  ^ectiou.  ic»  he  called  for  that  purpose.  The  foi- 
»»'w  mi  V.  omminet  wa*.  ai)]iointed  : — 

Siicrit'*  M»en&.  I^iv  Fersrus.  Rufiaell.  and  Ihmcan:  Me^rsL  Stan 
ii»n.   fi  ont\viiuin.  jQid  Citiland  Bums — Ih*.  Ihmcan.  ConTenCT. 

Tia>  \.  ommittcM  hah  licid  several  Meetings  and  has  the  matter 
sti*  uiintr:  CiOiiudenLtion.  The  C-ommittee  hope  to  have  a  Report 
Tvmn  !,»:  ar  t'ArJv  ^eetanr  of  the  SectioiL 

♦.  ^  till  iiRwrs  fmm  llli^  Sertion  recommended  to  l>e  read  before 
lilt  x»fjt»Ty.  ihe  paper  h\  I>r.  BnsselL  entitled  "The  Decade  of 
!**"  -Sv'  11.  Oiascpv — a  Sanitarr  Retrospect."  iras  read  on  30th 
N.'> tH:'»t*T  Ai:  address  It  the  President  of  the  Section,  and  a 
Hi,:»t-   Vt   M'     Kennfni   Madeod,  have  been  deferred  till  next 

■        ■  k 

tSi^xMKli        £bek.  DrxcAX. 

Src'my  7«'  ihr  Saititmy  aui  Social  Eeomomif  Sectk»i. 
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Farriery:   including  the  Medical  and  Surgical    The    Commisaioners    of 

Treatment  of  Animals.     Part  2,      .        .        .  Patents. 

Electricity  and  Magnetism.     Div.  IV.,  Parts  1-2,  ,, 

Dressing   and    Finishing  Woven    Fabrics,   etc. 

Part2, 

Palseontologia  Indica.     Vol.  III.,  2,   .        .        .     Geological  Survey  Office, 
,,  „         Supplement  III.,  1,  Calcutta. 

,,  ,,         Index.    Vols.  I.,  IL,     .  „ 

Memoirs  of   the   Greological   Survey  of   India. 

Vol  XVI.,  2-3, 

Records  of   the  Creological    Survey    of    India. 

Vols.  XIII.,  3-4,  and  XIV.,     .... 
Memoires  de  PAcademie  Boyale  des  Sciences  de 

SuMe.    Vols.  XIV. ,  2,  to  XVII The  Academy. 

Supplement  aux  Memoires.     Vols.  IV.,  V.,        .  „ 

Bulletin.     Nos.  34  to  37,  ....  ,, 

The  Scientific  Roll.    Vol.  I.,  No.  4,    .        •        4    Mr.  Alex.  Ramsay. 
Proceedings  of  the  Institution  of  Civil  Engineers. 

Vol.  LXV., The  Institution. 

Annual  Report  of  the  Leeds  Philosophical  and 

Literary  Society,  1880-81,         ....    The  Society. 
The  Mayor's  Message  to  the  Municipal  Assembly 

of  the  City  of  St.  Louis,  1880,  .        .        .    The  Mayor. 

Electricity  in  Surgery ;  Faure's  Storage  Battery ; 

also  Swan's  Electric  Light.     By  Dr.  George 

Buchanan.     Pamphlet.     1881,  .     The  Author. 

Memorial  of  Joseph  Henry,  1880,  Smithsonian  Institution. 

Archives  Neerlandaises.     Vol.  XVI.  1-5.  .  La  Societe  Hollandaise. 

Archives   du  Musee  Teyler,  2nd  Series,  Part  1,  ,, 

Bulletin  and  Memoirs  of  the  Imperial  University 

of  Kazan.     Six  Vols., The  University. 

Account  of  the  Strata  of  Northumberland  and    North  of  England  Insti- 

Durham,  as  proved  by  borings  and  sinkings,        tute    of    Mining    En- 

1881, gineers. 

First    Annual    Report   of   the    United    States 

Geological  Survey,  1880,  ....     Mr.  King,  Director. 

Bulletin  of  the  United  States  Geological  and 

Geographical  Survey  of  the  Territories.    Vol. 

VI.,  2,  1881, F.  V.  Hayden. 

Transactions  of  the  Royal  Society  of  Victoria. 

Vol.  XVIL  1881 The  Society. 

Memorias  da  Academia Real  das  Sciencias  de  Lisboa,   The  Academy. 
1st  Oass,  Vols,  v.,  2,  VI.,  1, 
2nd  aass.  Vol.  V.,  1, 
Jomal  de  Sciencias  Mathematica8,&c.  No.  24  to  29, 
Historia     dos     Estabeleoementos    Scientificos. 

Vols.  VIII.,  IX., •  }f 

Relatorio  da  Sess&o,  1880, 
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Ueber  die  Zenetzang  der  Substitutionsprodacte 

der    niederen    Fettsauren.      By    Greoi^e    C. 

Thomson, The  Author. 

Practical  Ventilatioii  and  Warming.     By  Joseph 

Conatantine, The  Author. 

Washington  Astronomical  and  Meteorological  Ob- 
servations for  1876.    Two  Vols.,     .  .     U.  S.  Naval  Observatory. 
Washington  Astronomical  Total  Eclipses  of  the 

San  of  July  29th,  1878,  and  Jany.  11th,  1880,  „ 

Atti  della  R.  Academia  dei  Lincei.    Nine  Vols. 

and  Four  Parts, Sir  Wm.  Thomson. 

Transactions  of    the  Institution   of   Engineers 

and  Shipbuilders  in  Scotland.     VoL  XXIV.,  .    The  Institution. 
Das  Gehororgan  der  Wirbelthiere.    Von  Gustav 

Retzius.     VoL  I.     Das  Oehoiorgan  der  Am- 

phibien  und  Fische, The  Author. 

Clinical  Manual  for  the  Study  of  Medical  Cases. 

By  Dr.  James  Finlayson.     1878,      ...  ,, 

The  Normal  Temperature  of  Children.     By  Dr. 

Finlayson, ., 

On  the  Hours  of  Maximum  Mortality  in  Acute 

and  Chronic  Diseases.      By  Dr.  Finlayson,   .  ,, 

Case  of  Paroxysmal  Haematinuria.     By  Dr.  R. 

W.  Forrest, ,, 

Two  Cases  of  Paroxysmal  Haematinuria;    with 

Note  on  the  Spectroscopic  Examination.     By 

Dr.  Forrest  and  Dr.  Finlayson,        ...  „ 

Proceedings  of  the  Literary  and  Philosophical 

Society  of  Liverpool.     1877-8,  .        .    The  Society. 

Die  Naturgesetze.     2nd  Supplement,  2nd  Theile. 

By  Dr.  Hermaun  Scheffler,      ....    The  Author. 
The  Decennial  Census.     By  J.  B.  R.     1881,       .  ,, 

Sculptured  Tope  on  an  old  Stone  at  Dras,  Ladak. 

By  William  Simpson.     1882,  .        .        .        .        „ 
Annuaire     de    TObservatoire    de    Montsouris. 

M^t^rologie,  1882, The  Observatory. 

The   Towers    and   Steeples   designed    by    Sir 

Christopher  Wren, Mr.  John  Brown. 

Calendar  of  the  Pharmaceutical  Society  of  Great 

Britain,  1882, The  Society. 

Journal     de    TEcole     Polytechnique.      Tomes 

XXX.,  XXXI.,        ......    Llicdle. 

Memoirs  of  the  Astronomical   Society.       Vol. 

XUV., The  Society. 

Calendar  of  the  Department  of  Law,  Science,  and 

Literature  of  the  University  of  Tokio,  Japan. 

1880-1, TheUnivenity. 

Memoirs  of  tlieSc\ent\I^Gl>«pgM\aa«DLV  «  ^^ 
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DONATIONS.  PBBmnriD  bt 

Verhandelingen  der  Koninklijke  Akademie  van 

Wetenschappen  Natuarknnde.    Dl.  21,  .  The  Academy. 

Verslagen  en  Mededeelingen,  Aid.  Nataurkunde. 

DL  16, 

Verslagen  en  Mededeelingen,  Aid.  Letterknnde. 

Dl.  10, 

Jaarboek,  1880, 

Proces  Verbaal,  1880-1, 

Tria  Carmina  Latina, 

A  Treatise  on  the  Theory  of  Determinants.    By 

Thomas  Muir,  M.A., The  Anthor. 

Scientific  Proceedings  of  the  Ohio  Mechanics' 

Institute.    Vol.  I.  1, The  Institute. 

Proceedings  of  the  Physico-Chemical  Society  of 

the  University  of  St.  Petersburg.     1881,  The  Society. 

Proceedings  of  the  Belfast  Natural  History  and 

Philosophical  Society.     1880-1,        .        .  The  Society. 

Transactions  of  the  Glasgow  Society  of  Field 

Naturalists.    Five  Parts,         ....    The  Society. 
Transactions  of   the  Insurance   and   Actuarial 

Society  of  Glasgow.     Parts  1  -3,       .        .        .     The  Society. 
Proceedings  of  the  Institution  of  Civil  Engineers 

Vol.  LXVIL The  Institution. 

The  Spelling  Reformer,  1880-1,  ....     Dr.  Muirhead. 
Obituary  Notice  of  Sir  Robert  Christison  and 

Sir  C.  Wyville  Thomson.     By  John  H.  Balfour. 

1882, The  Author. 

Report  on  the  Kelvingrove  Museum  and  the 

Corporation  Galleries  of  Art,  1881.    By  James 

Paton, The  Author. 

Air-Refrigerating  Machinery  and  its  Applications. 

1882.     By  J.  J.  Coleman,        ....    The  Author. 
Annals  of  the  New  York  Academy  of  Sciences. 

Vols.  I.,  14,  and  II.,  1-6,         .        .  .    The  Academy. 

United  States  Geographical  Surveys  West  of  the 

100th  Meridian.    VoL  VII.— Archaeology,      .     Mr.  G.  M.  Wheeler. 
The  Gas  Question:  Economic  and  Sanitary.     By 

Dr.  Adams,      ....'..    The  Author. 
History  of  St.   Andrew's  Church  for  the  last 

Hundred  Years.    By  David  Runciman.     1860. 
Report  of  the  Mitchell  Library,  1881,  .    The  Library  Committee. 


Note.— The  Tramactions  of  all  the  Sodeties  mentioned  on  pp.  631-2-3,  are 
received  in  exchange  for  the  Proceedings  of  this  Society. 
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The  Statesman's  Year  Book.     By  F.  Martin.     1882. 

Transactions  of  the  Koyal  Society  of  London.     Vol.  CLXXIII.,  Part  3. 

Geological  Sketches  at  Home  and  Abroad.     By  Archibald  Geikie.     1882. 

Ants,  Bees,  and  Wasps.    By  Sir  John  Lubbock.     1882. 

Geological  Maps  of  Scotland. 


The  Philosophical  Society   Exchanges  with  the 
FOLLOWING  Societies,   &c. — 


Club 


Academia  Real  das  Sciencias  de  Lisboa, 

Academy  of  Natural  Sciences  of  Philadelphia, 

Academy  of  Science,  .... 

Academy  of  Science, 

American  Academy  of  Arts  and  Sciences, 

American  Pharmaceutical  Society, 

American  Philosophical  Society, 

Anthropological  Institute, 

Astor  Library,  New  York, 

Library  of  Royal  Observatory,   . 

Bath  Natural  History  and  Antiquarian  Field 

Belfast  Natural  History  and  Philosophical  Society 

Berwickshire  Naturalists'  Club,. 

Biblical  Archaeology, 

Birkenhead  Literary  and  Scientific  Society 

Birmingham  Philosophical  Society,    . 

Boston  Natural  History  Society, 

Boston  Public  Library, 

Botanical  Society  of  Edinburgh, 

Bristol  Naturalists'  Society, 

Buffalo  Society  of  Natural  Sciences,  . 

Bureau  Scientifique,  Central  Neerlandais, 

California  Academy  of  Sciences, 

Cambridge  Philosophical  Society, 

Canadian  Institute,     .... 

Chemical  Society,       .... 

Cleveland  Institution  of  Engineers,    . 

Commissioners  of  Patents, 

Davenport  Academy  of  Natural  Sciences, 

Die  Deutsche  Chemische  Gesellschaft, 

Dublin  University  Biological  Association, 

Ecole  Polytechnique, 

Edinburgh  Geological  Society,    . 

Entomological  Society  of  Ontario, 

Epping  Forest  and  County  of  Essex  Naturalists' 

Club, 

Franklin  Institute,     .... 


FioUl 


Lisbon. 

Philadelphia. 

Connecticut. 

St.  Louis. 

Boston. 

Philadelphia. 

Philadelphia. 

London. 

New  York. 

Melbourne. 

Bath. 

Belfast. 

Alnwick. 

London. 

Birkenhead. 

Birmingham. 

Boston. 

Edinburgh. 

Bristol. 

Buff&lo. 

Harlem. 

California. 

Cambridge. 

Canada. 

London. 

Middlesborough. 

London. 

Davenport,  Iowa. 

Berlin. 

Dublin. 

Paris. 
Edinburgh. 
London,  Ontario. 
Buckhurst  HiU, 
Essex. 
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Regktrar-General, Melbourne. 

Royal  Academy  of  Science, Berlin. 

Royal  Academy  of  Science, BnuseUi. 

Royal  Academy  of  Science, Stockholm. 

Royal  Astronomical  Society, London. 

Royal  Cornwall  Polytechnic  Society,  Falmouth. 

Royal  Dublin  Society, Dublin. 

Royal  Geographical  Society, London. 

Royal  Greographical  Society, Vienna. 

Royal  Institute  of  Britiah  Architects,  Ix>ndon. 

Royal  Institute  of  Lombardy, Milan. 

Royal  Institution  of  Cornwall, Truro. 

Royal  Institution  of  Great  Britain,     ....  London. 

Royal  Irish  Academy, Dublin. 

Royal  Microscopical  Society, London. 

Royal  Physical  Society  of  Edinburgh,  Edinburgh. 
Royal  Scottish  Society  of  Arts,          .... 

Royal  Society  of  Edinburgh, 

Royal  Sopiety  of  London, London. 

Royal  Society  of  Victoria, Melbourne. 

School  of  Mines, New  York. 

Scottish  Meteorological  Society,         ....  Edinburgh. 

Smithsonian  Institution, Washington. 

Social  Science  Association, London. 

Soci^t^  des  Sciences  JPhysiques  et  Naturelles,  Bordeaux. 

Soci^t^  Royal  des  Sciences  de  Li^e,  .  Lidge, 

Society  of  Arts, London. 

Society  of  Engineers, ,, 

South  Wales  Institute  of  Engineers,  Swansea. 

Statistical  Society, London. 

United  States  Geologist, Washington. 

United  States  Observatory, 

United  States  Survey, 

University  of  Christiania, Christiania. 

University  of  Tokio,  Japan, Tokio,  Japan. 

Verein  fur  Erdkunde  zn  Halle,  ....  Halle. 

Videnskabs-Selskabet  i  Christiania,  ....  Christiania. 

Washburn  Observatory — ^University  of  Wisconsin,    .  Washburn. 
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QUARTERLY. 


Annales  des  Mines. 

Balletin  de  la  Societe  Industrielle  dc 
MaLhoose. 

Greyillea. 

Jonmal  of  Anatomy  and  Physiology. 

Journal  of  the  Royal  Agricultural 
Society  of  England. 

Journal  of  the  Scottish  Meteoro- 
logical Society. 

Journal  of  the  Statistical  Society. 

Mind:  a  Quarterly  Re\iew  of  Psy- 
chology and  Philosophy. 
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Corrie  Mines,  Arran,  reference  to,  514. 
Corresponding  Members,  list  of,  437. 
Comevin  on  maladie  de  Chabert,  371. 
Cotton,  seed  oil,  action  of  ammonia  (m,  570. 
Council's  annual  report,  597. 
Council,  communication   from,    as   to  Gu 

Exhibition,  &c. ,  605:  communieationsfroD 

as  to  Gas  Exhibition,  612:  as  to  Menn^ 

W.  &  R  Cowan,  612. 
Cowan,  W.  &  B.,  advertisement  in  Journal 

of  gas  lighting,  608;  communicatioo  from 

Council  as  to,  612. 
Coze  and  Feltz,  experiments  of.  363. 
Craig,  J.  P. ,  on  cleansing  of  cities,  594. 
Craige,  Robert,  Langside,  551. 
Crookes.  researches  of,  313. 
Crum,  Walter,  reference  to,  299. 
Crystals,  312. 
Cunningham,    Bedland    Quarry,    Ayrshire, 

483. 
Cyathophyllidia,  516. 
Cyathophyllum  fnngites,  473;  detinition  of, 

474. 
Cyathophyllum,  comparison  of,  with  other 

corals,  476. 
Cyclophyllnm,  James  Thomson's  paper  on, 

471 ;    Bennieanum,    493 ;    biacnminatnm. 

485 ;  Bowerbankii,  483 ;  Carpenterianum. 

concentricum,  497;  curvilineare,  496;  cj- 

lindricum,  41^;  description  of,  by  Duncan 

and  Thomson,  475;  Duncanianum,4S9;  fron- 

dicum,  499;  ellipticum,  490;  fungites,  481 ; 

intermedium,  501 ;  M  *Kendrickianum,  494; 

Mosleyanum,  503;   obovatum,  487;  orbi- 

culum,  490;  pachyendothecum,  486;  para- 

doxacum,  500 ;  radianum,  502 ;   Scouler- 

ianum,  488 ;   tortnosum,  499 ;  Ureannm, 

vesiculare,  504. 
Cymatiophyllum    contrasted     with    cvclo> 

phyllum,  480. 
Cymatiophyllum,  522. 

Dana,  James,  reference  to,  471,  517,  526, 

551. 
[  Daniel's  Battery,  reference  to.  401. 
i  Davaine's  experiments  on  splenic  fever,  366ii 
Dean  of  Guild  Court  on  num))er  of  houses 

erected  in  Glasgow,  342. 
Decade  of  1871-80,  sanitary  retrospect  of, 

by  Dr.  James  R  Russell,  329. 
Decom\)Osition,  chemical,  200. 
^  \>^  Cr<i\x\<i">j ,  -w^Kt^oaa  to^  425. 
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inck,  reference  to,  521. 

68,  Clement,  on  salphoric  acid  chani- 

419. 

on  dissociation  of  carbonic  acid,  306; 

iltinff  of  platinum,  307. 

phyUum,  522;  reference  to,  499. 

Sir  Kenelm,  mode  of  preparing  snl- 

c  acid,  417. 

athophyllidffi,  477. 

,  germs  in,  353. 

in  Kilmarnock,  388. 
ition,  Wallace  on,  300. 

analysis  of  opals,  440. 
>ns  to  library,  627. 
IS,  Gerard,  reference  to,  411. 
Dr.    John,  on  a  diseased  salmon, 

eblanc,  reference  to,  418. 

i-Reymond,  researches  in  animal  elec- 

jr,  of,  375. 

»e  House,  562,  559. 

,  refercDce  to  coast  south  of,  514. 

,  Dr.  P.  M.,  reference  to,  489,  471, 

,  Dr.  Eben. ,  remit  to  Sanitary  Section, 

m. 

,  increase  of  population  of,  333. 
2e  House,  Larbert,  563. 
,  C.  T.,  reference  to,  425. 
iki,  reference  to,  521. 
>  machines,  304. 

c  Colliery,  use  of  Swan's  Lamps  in, 

{24. 

ipecific  gravity  of,  316  ;  temperature 

erior  of,  314. 

Dd  Church,  568. 

Ibride,  reference  to,  481. 

*gh,  increase  of  population  of,  333. 

s,"  Prof.,  reference  to,  551. 

Ogston's  experiments  on  putrefying, 

bssil,  analysis  of,  573. 

;  Fishes,  reference  to,  '385. 

ity.  Animal,  McGregor  Kobertson  on, 

ity,  influence  of,  in  dissociation,  302. 

lytic  decomposition  of  water,  302. 

motive  forces    of    various    batteries 

ured,  405. 

plating,  304. 

iir  Walter,  reference  to,  349. 

ann  on  electrical  currents  from  hearty 

1,  list  of  vitriol  makers  in,  425. 
decomposition  of,  306. 
ge,  gold  fields  in  Queensland,  428. 
ge,  Kobert,  Sen.,  551. 
ge  Investment  Company's  house,  558. 
ges  of  books  with. societies,  and  publi- 
is,  list  of,  631. 


Fall-rheotom  of  Hermann,  382. 

Fallon,  J.  H.  M.,  reference  to,  573. 

Fats,  action  of  ammonia  on,  at  a  high  tem- 

nerature,  570. 
Feltz  and  Coze,  experiments  of,  363. 
Fergus,    Dr.   Andrew,    reference    to,    299; 

motion  by,  as  to  herbarium,  611. 
Ferguson,  Professor,  reference  to,  300;  on 

the  chemical  works  of  Nicholas  Le  Febvre. 

621. 
Fermentation,  353. 

Fever  caused  by  injecting  yeast  into  blood- 
vessels, 360. 
Fevers,  deaths  from,  in  Glasgow,  345. 
Finlayson,   Dr.,   notice  of   late   Dr.   David 

Foulis,  326. 
Fluid  in  earth's  centre,  314. 
Fordham,  H.  G.,  349. 
Formula?  for  testing  of  Swan*B  lamps,  322. 
FormulsB,  graphic,  304. 
Fossil  eggs.  Dr.  John  Clark  on,  573. 
Foulis,  David,  memorial  notice  of,  325. 
Foulis,  W.,  C.E.,  on  Siemens'  regenerating 

gas  burners,  618. 
Fowl  cholera,  353 ;  nature  of,  367. 
Foy  on  hydrometers,  419. 
Free  Church  College,  Glasgow,  566. 
Free  Church,  Rothesay,  557. 
Free  Church,  Kutherglen,  557. 
Free  St.  James'  Church,  559. 
Free  St.  Peter's,  Glasgow,  559. 
Free  St.  Stephen's,  Glasgow,  559. 
Free  Tron  Church,  553. 
Frew,  A.,  on  highways  and  byeways,  619. 
Fungus  on  a  diseased  salmon,  584. 
Fungites,  473. 

Gameshill  Quarry,  reference  to,  485;  refer- 
ence to,  497. 

Gartnavel  Asylum,  555. 

Gas,  as  got  from  coal,  306. 

Gases,  permanent,  310. 

Gassiot,  researches  of,  313. 

Gateside    Quarry,    reference   to,   527,   536, 
545. 

Gav  Lussaic,  reference  to,  425. 

Galvani's  fundamental  experiment,  374. 

Geber's  method  of    makmg  oil  of  vitriol, 
411. 

General  Post  Office,  Glasgow,  563 ;  reference 
to,  474,  534 

Geologicad  Society  of  Glasgow,  reference  to, 
471. 

Geological    Society,    Quarterly  Journal  of, 
472. 

Geometric  form  of  molecules,  311. 
[  Germs,  life  history  of,  359. 

Germ-theories  of  disease,  353. 

Giant's  Causeway,  reference  to,  464. 

Gilberton,  gold  fields  in  Queensland,  428. 

Gilmour  &  Thom60iv'&  "W«t^WasRA.,\^RSfc. 
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Olasgow,  area  and  boundaries  of,  330;  births 
in,  344;  birth-rates  in,  344;  death-rate  of, 
344;  deaths  in,  in  various  years,  344; 
estimates  of  population  in  various  years, 
344;  fevers  in,  345;  diseases  of  lungs  in, 
345;  health  of,  during  decade  1871-80,  i 
329;  Hiffh  School,  558;  percentage  of  un- 
occupied houses  in,  335;  population  of, 
331 ;  table  showing  number  of  deaths  from 
certain  causes  in  decade  1871-80,  347. 

Glauber,  reference  to,  mode  of  making  siil- 
phuric  acid,  411,  412,  413. 

Glover  Tower,  reference  to,  425. 

Gold,  309. 

Graham,  David,  reference  to,  403. 

Graham,  Thomas,  report  of  medal  fund,  604. 

Grant,  Professor,  on  the  relative  advantages 
of  the  different  methods  which  have  been 
proposed  for  determining  the  solar  parallax, 
618;  reference  to,  299. 

Grapes,  fermentation  of,  355. 

Gray,  range  of  mountains  in  Queenslaud, 
431. 

Greenock  cemetery,  558;  increase  of  popula- 
tion of,  333. 

Grove,  Sir  William,  experiments  on  water, 
305. 

Guano,  fossil  eggs  in,  573. 

Gympie,  in  Queensland,  428. 

Haime,  Jules,  reference  to,  471. 

Hamilton  Palace,  552. 

Hannay,  J.  B.,  notes  on  some  investigations 

on  chemical  physics,  576. 
Heat  in  dissociation,  302. 
Helmholtz  on  negative  variation  of  muscle 

current,  383. 
Herbarium,  motion  as  to,  611;  report  as  to, 

616. 
Hermann  on  animal  electricity,  381. 
Hill  on  using  pyrites  in  making  sulphuric 

acid,  425. 
Hippuric  acid,  fermentation  of,  357. 
Hodgkinson  in  Queensland,  428. 
Holeker,  Rouen,  reference  to,  419. 
Home,  the  spiritualist,  reference  to,  591. 
Honorary  members,  list  of,  637. 
Hoolgar  gold  fields,  in  Queensland. 
Hopkinson,  John,  reference  to,  349. 
Houses,  building  of,  in  Glasgow,  340. 
Houses,  nature  of,  in  Glasgow,  449. 
Houses  in  Glasgow,  337,  339. 
Hutchesontown  Church,  553. 
Huxley,  T.  H.,  reference  to,  472. 
Hydrochloric  acid,  decomposition  of,  304. 
Hydrogen,  liquifaction  of,  310;  movements' 

of  atoms  of,  313. 
Hydrogenium,  310. 

Ice,  308. 
Iceland  spar,  312. 


Idio-repulsion,  313. 

Incandescent  lamps,  Jamieson  on,  318. 

Invent  we  House,  reference  to,  562. 

Iridium,  meeting  of,  308. 

Iron,  reference  to,  309 ;  floating  of,  in  molten 

mass,  308. 
Irvine,  Dr.  A.  K.,  invention  of  apparatus  for 

artificial  voice.  327 ;  motions,  etc. ,  by,  605, 

606,  608,  611,613,617,  618. 

Jamieson,  Andrew,  on  electric  and  pboU>- 
metric  tests  of  Swan's  incandescent  Umps, 
318. 

Johnson,  Matthey,  &  Co.,  melting  of  pla- 
tinum, 307. 

Kelvingrove  Park,  563,  564. 

Kilmarnock,  smallpox  in,  386;  register  of,'384. 

Kirwan,  reference  to,  421. 

Koch  on  septic  microbes,  362;  experiments 

of,  363. 
Koninck,  Prof.  L.  G.,  551. 

LActic  fermentation,  361. 

Langside  Quarry,  reference  to,  528,  538,  532, 
509. 

Lead,  reference  to,  309 ;  melting  of,  308. 

I^clanch6  battery,  reference  to,  401. 

IjC  Fevre  and  L^mery,  mode  of  making  sul- 
phuric acid,  418. 

Lefibure  Nicasius,  mode  of  preparing  sul- 
phuric acid,  4 15. 

Leith,  increase  of  population  of,  333. 

Lemery,  mode  of  making  sulphuric  acid,  41S. 

Lennox  Castle,  552. 

Lewis  Castle,  559. 

LibrariuB  Andreas,  reference  to,  411. 

Library,  additions  to,  626. 

Library  Committee's  report,  600. 

Liebig,  reference  to,  354. 

Lime  carbonate,  dissociation  of,  301. 

Liquids,  changing  tesselated  structure  in 
certain,  464 ;  effect  of  heat  on,  309. 

Liquid  state,  Hannay  on,  580. 

Liquids,  state  of,  310. 

Lister's  system  of  antiseptic  surgery,  361, 

o7o. 

Lithostrocian,  reference  to,  522. 
Lobes  de  Afuera,  reference  to,  573. 
Lochton  House,  564. 
London,  increase  of  population  of,  333. 
Lonsdalia,  519,  522. 

Lungs,  deaths  from  diseases  of,  in  Glasgow, 
345. 

M'Coy,  reference  to,  471 ;  definition  of  clisio- 
phyllum  by,  520;  palaeozoic  fossils,  refer- 
ence to,  480. 

M  *Gregor  Robertson,  J. ,  on  animal  electricity, 
374 ;  on  apparatus  for  study  of  muscle  work. 
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M'Kandrick,  J.  G.,  obituary  notioe  of  late 
Dr.  David  Foulis,  325 ;  reference  to,  495. 

M'Kinlay  ranffe  in  Queensland,  458. 

Macleod,  G.  H.  B.,  reference  to,  390. 

Mactear,  James,  history  of  technology  of  oil 
of  vitriol,  620;  on  fossilization  of  wood, 
620 ;  opening  address  to  Chemical  Section, 
409. 

M'Vail,  Dr.  John  C,  on  small -pox  in  Kil- 
marnock, 386. 

Ma^eto-electric  machine,  304. 

Mains  House,  reference  to,  562. 

Maladie  de  Chabert,  371. 

Manganese  binoxide,  dissociation  of,  302. 

Mann,  John,  motion  by,  617. 

Marix,  on  inilueDce  of  yeast  on  blood,  360. 

Marsh  gas,  306. 

Maryhill  Free  Church,  558. 

Masons'  association,  reference  to,  456. 

Matter,  Hannay  on  states  of,  578. 

Matter,  states  of,  307. 

Matteucci's  muscular  pile,  375. 

Mayer,  John,  606;  motion  by,  as  to  discus- 
sions, 615;  motion  by,  as  to  reports  of 
discussions,  611;  motion  as  to  presideutn 
of  sections,  595,  602. 

Measurers'  fees,  scale  of  payment  of,  459. 

Measurers,  their  position  and  practice,  455. 

Melrose  Free  Church,  561. 

Members  of  society,  list  of,  637. 

Mercuric  iodide,  cr3'stal8  of,  312. 

Mercury,  reference  to,  309. 

Mercury  oxides,  dissociation  of,  302. 

Mercury,  states  of,  308. 

Michiliniae,  reference  to,  518. 

Microbes,  353. 

Micrococcus,  361. 

Micrococcus  urea;,  361 . 

Milne-Edwards,  memoir  on  corals,  reference 
to,  471. 

Mills,  Dr.  £.,  on  precipitation,  621. 

Minutes  of  session,  592. 

Molecules,  form  of,  311. 

Molecule,  nature  of,  303. 

Molecular  motion,  311. 

Morinisb,  in  Queensland,  428. 

Moseley,  H.  N.,  reference  to,  504. 

Mount  Perry,  in  Queensland,  427. 

Mouse,  micrococci  in  blood  of,  363. 

Muir,  Thomas,  on  a  proposed  general  method 
for  the  solution  of  equations,  616. 

Muirhead,  Dr.  Henry,  on  tlie  mode  of  mental 
intercommimioation  in  thought- willing  and 
thought-reading,  585;  report  as  delegate 
to  British  Association,  349. 

Muntz  on  detection  of  alcohol,  356. 

Murdoch,  J.  B.,  350. 

Muscle  current  of  electricity,  377. 

Muscle  work,  M'Gregor  Robertson  on,  350. 

Mycoderma  aceti,  .357. 

Mycoderma  vini,  356. 
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Nebo,  in  Queensland,  428. 
Negative  variation  of  muscle  current,  383. 
Nelson,  D.  M.,  motion  by,  as  to  gas  exhibi- 
tion, 606. 
Nelson  Endowment  Schools,  Paisley,  559. 
Nettlehurst  Quarry,  refereuce  to  502. 
Nitrogen,  chloride  of,  302. 
Nitrogen,  iodide  of,  302. 
Nobili  on  invention  of  galvanometer,  375. 
Normal  schools,  153. 
Norwich,  increase  of  population  of,  333. 
Nottingham,  increase  of  population  of. 

Octylene,  Hannay  on,  581. 

Office-bearers,  election  of,  for  1881-82,  600; 

of  Society,  623;  of  Sections,  624. 
Ogle,  Dr.,  London,  reference  to,  398. 
O^ston,  A.,  experiments  of,  364. 
Oils,  experiments  on  action  of  ammonia  at  a 

high  temperature  on,  571. 
Oldham,  increase  of  population  of,  333. 
Oletiant  gas,  306. 
Opals,  formation  of,  435,  436 ;  chemical  com- 

])08ition  of,  439,  440;    occurrence  of,  in 

Queensland,  427. 
j  Owen,  Prof.,  reference  to,  472. 
Ordinary  members,  list  of,  638. 

Page,  Dr.  David,  reference  to,  472. 

Pt^ner,  in  Queensland,  428. 

Paisley,  increase  of  population  of,  333. 

Paraffin,  distillation  of,  307. 

Pasteur,  353;  on  cultivation  of  yeast,  368, 

369 ;   on  septic  disease,  362 ;   on  splenic 

fever,  367. 
Pelicanus  tajus,  eggs  of,  573. 
Periodicals,  list  of,  bought  for  the  Society, 

634. 
Peruvian  guano,  analysis  of  fossil  eggs  in,  573. 
Petershill  Quarry,   reference  to,   496,  503, 

505,500,511,515,  530. 
Photometer,  use  of,  in  testing  Swan's  lamps, 

320. 
Philip  k  Lonsdale,  refereuce  to,  518. 
Physical  states  of  matter,  307. 
Pitcullo  House,  Fife,  563. 
Platinum,  309 ;  melting  of,  .307. 
Plymouth,  increase  of  population  of,  333. 
Poggendorff' s  method  of  measuring  electrical 

currents,  .378. 
Police  Act  of  1866,  for  Glasgow,  reference 

to,  446. 
Poneil  water,  Brockley,  493;   reference  to, 

537. 
Potassium,  309. 

Potoyunca's  eggs,  analysis  of,  574,  575. 
Preece,  \V.  B.,  reference  to,  586. 
:  I'restonpans    works    for  making   sulphuric 

acid,  423. 
Procurators'    Hall,    West    George    Street, 

Glasgow,  563,  wCv^, 
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Paffinnria  Qamotii,  eggs  of,  573. 
Putrefaction,  353,  357. 
PysBmia,  Pasteur's  views  regarding,  363. 
Pyogenic  bacteria,  364. 

Queen's  Rooms,  Glasgow,  566. 
Queensland,  climate  of,  430 ;  fauna  of,  430 ; 
>logy  of,  428,  433 ;  physical  character  of, 
\    occurrence  of  opal  in,  427;    river 
systems  of,  429. 

Raasay  House,  559. 
Bankine,  Macquorn,  reference  to,  299. 
Rawbelle,  in  Queensland,  427. 
Report  of  Architectural  Section,  618. 
Report  of  Biological  Section,  620. 
Report  of  Chemical  Section,  620. 
Report  of  Council,  597. 
Report  bv  Library  Committee,  600. 
Report  oi  Sanitary  and  Social  Economy  Sec- 
tion, 621. 
Rees  on  cultivation  of  yeast  on  raw  potato, 

368. 
Rheotom  of  Hermann,  382. 
Rhodophyllum,  522;  contrasted  with  cyclo- 

phyllum,  480. 
Robertson,  J.  K.  M.,  on  opal  in  Queensland, 

427. 
Robertson,  Dr. ,  Register  House,  Edinburgh, 

reference  to,  398. 
Rock  crystal,  312. 
Rockhampton,  in  Queensland,  428. 
Rodgers,  Henry,  reference  to,  299. 
Rose,  James,  Kilmarnock,  reference  to,  386. 
Rose  and  Raimondi,   analysis  of  egg,  by, 

575. 
Rothesay  Free  Church,  557. 
Rouffhwood  Quarry,   Beith,  Ayrshire,  486; 

reference  to,  490,  525. 
Rowan,  F.  J.,  communication  of  M.  Bidard's 
.  paper,  607. 
Rowney  on  amides,  572. 
Royal  Bank  Buildings,  Glasgow,  561. 
Royal  Exchange,  552. 

Royal  Society  of  Edinburgh,  reference  to,  550. 
Rugose  corals,  James  Thomson's  paper  on, 

471. 
Russell,  Dr.   James  6.,  on  the  decade  of 

1871^80,  329;   on  the   "house,"  452;  on 

density  of  population  in  Glasgow,  445. 
Rutherglen  Town  Hall,  568. 

Salford,  increase  of  population  of,  333. 
Salmon,  James,  ou  dwellings  of  industrial 

classes,  451. 
Salmon,  report  of  examination  of  a  diseased, 

584. 
Sanitary  and  Social  Economy  Section,  report 

of,  621 ;  office-bearers  of,  621. 
Saunders,  Dr.  Sedgwick,  oii^^«a\olT%i\x&^ 

by  cremation,  454. 


Scotch  towns,  rate  of  increase  of  popalatko 
in,  333. 

Scott,  Robert,  on  measurers,  455. 

Scouler,  Dr.  John,  reference  to,  477. 

Sections,  office-bearers  of,  624. 

Sellars,  James,  Jun.,  opening  address  to 
architectural  section,  443 ;  suggestioD  as 
to  houses  for  industrial  claasea,  453. 

Sepsine,  nature  of,  364. 

Septicemia,  Pasteur's  views  regarding,  363. 

Septic  disease,  ferments  in,  362. 

Shandon  House,  Gareloch,  559. 

Shepherd  on  guanapite,  537. 

Siemens-Martin  furnace,  306. 

Siemens'  regenerating  gas  burners,  618. 

Silica,  crystallisation  of,  312. 

Silver,  reference  to,  309. 

Silver  salts,  action  of  li^ht  on,  302. 

Smallpox  in  Kilmarnock,  386. 

Snoderass,  J.,  on  dephosphorisation  of  iron 
and  steel,  620. 

Soapy  water,  tesselated  structure  on  surface 
of,  464. 

Sodium,  reference  to,  309. 

Solar  parallax,  Prof.  Grant  on,  618. 

Southern  Necropolis,  559. 

Spirit  of  Roman  vitriol,  411. 

Splenic  fever,  353 ;  nataire  of,  365. 

St.  John's  Episcopal  Church,  Oban,  568. 

St.  Mary's  Church,  Glasgow,  562. 

St.  Paul's  Church,  552. 

St.  RoUox  Chemical  Works,  early  hiatoiy  of, 
423. 

Statistics :  Mortality  tables  of  Kilmarnock, 
388,  392,  393,  395,  396,  399,  400;  popula- 
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